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similar items used as part of, or in con-
nection with, a supply or communica-
tions installation. 

(15) Ground (reference). That conduc-
tive body, usually earth, to which an 
electric potential is referenced. 

(16) Ground (as a noun). A conductive 
connection, whether intentional or ac-
cidental, by which an electric circuit 
or equipment is connected to reference 
ground. 

(17) Ground (as a verb). The con-
necting or establishment of a connec-
tion, whether by intention or accident, 
of an electric circuit or equipment to 
reference ground. 

(18) Ground tent. A small tent usually 
constructed of vinyl coated canvas sup-
ported by a metal or plastic frame. Its 
purpose is to protect employees from 
inclement weather while working at 
buried cable pedestal sites or similar 
locations. 

(19) Grounded conductor. A system or 
circuit conductor which is inten-
tionally grounded. 

(20) Grounded systems. A system of 
conductors in which at least one con-
ductor or point (usually the middle 
wire, or the neutral point of trans-
former or generator windings) is inten-
tionally grounded, either solidly or 
through a current-limiting device (not 
a current-interrupting device). 

(21) Grounding electrode conductor. 
(Grounding conductor). A conductor 
used to connect equipment or the 
grounded circuit of a wiring system to 
a grounding electrode. 

(22) Insulated. Separated from other 
conducting surfaces by a dielectric sub-
stance (including air space) offering a 
high resistance to the passage of cur-
rent. 

NOTE: When any object is said to be insu-
lated, it is understood to be insulated in 
suitable manner for the conditions to which 
it is subjected. Otherwise, it is, within the 
purpose of these rules, uninsulated. Insu-
lating coverings of conductors in one means 
of making the conductor insulated. 

(23) Insulation (as applied to cable). 
That which is relied upon to insulate 
the conductor from other conductors or 
conducting parts or from ground. 

(24) Joint use. The sharing of a com-
mon facility, such as a manhole, trench 
or pole, by two or more different kinds 

of utilities (e.g., power and tele-
communications). 

(25) Ladder platform. A device de-
signed to facilitate working aloft from 
an extension ladder. A typical device 
consists of a platform (approximately 
9″ × 18″) hinged to a welded pipe frame. 
The rear edge of the platform and the 
bottom cross-member of the frame are 
equipped with latches to lock the plat-
form to ladder rungs. 

(26) Ladder seat. A removable seat 
used to facilitate work at an elevated 
position on rolling ladders in tele-
communication centers. 

(27) Manhole. A subsurface enclosure 
which personnel may enter and which 
is used for the purpose of installing, op-
erating, and maintaining submersible 
equipment and/or cable. 

(28) Manhole platform. A platform 
consisting of separate planks which are 
laid across steel platform supports. The 
ends of the supports are engaged in the 
manhole cable racks. 

(29) Microwave transmission. The act 
of communicating or signaling uti-
lizing a frequency between 1 GHz 
(gigahertz) and 300 GHz inclusively. 

(30) Nominal voltage. The nominal 
voltage of a system or circuit is the 
value assigned to a system or circuit of 
a given voltage class for the purpose of 
convenient designation. The actual 
voltage may vary above or below this 
value. 

(31) Pole balcony or seat. A balcony or 
seat used as a support for workmen at 
pole-mounted equipment or terminal 
boxes. A typical device consists of a 
bolted assembly of steel details and a 
wooden platform. Steel braces run from 
the pole to the underside of the bal-
cony. A guard rail (approximately 30″ 
high) may be provided. 

(32) Pole platform. A platform in-
tended for use by a workman in splic-
ing and maintenance operations in an 
elevated position adjacent to a pole. It 
consists of a platform equipped at one 
end with a hinged chain binder for se-
curing the platform to a pole. A brace 
from the pole to the underside of the 
platform is also provided. 

(33) Qualified employee. Any worker 
who by reason of his training and expe-
rience has demonstrated his ability to 
safely perform his duties. 
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(34) Qualified line-clearance tree trim-
mer. A tree worker who through related 
training and on-the-job experience is 
familar with the special techniques and 
hazards involved in line clearance. 

(35) Qualified line-clearance tree-trim-
mer trainee. Any worker regularly as-
signed to a line-clearance tree-trim-
ming crew and undergoing on-the-job 
training who, in the course of such 
training, has demonstrated his ability 
to perform his duties safely at his level 
of training. 

(36) System operator/owner. The person 
or organization that operates or con-
trols the electrical conductors in-
volved. 

(37) Telecommunications center. An in-
stallation of communication equip-
ment under the exclusive control of an 
organization providing telecommuni-
cations service, that is located out-
doors or in a vault, chamber, or a 
building space used primarily for such 
installations. 

NOTE: Telecommunication centers are fa-
cilities established, equipped and arranged in 
accordance with engineered plans for the 
purpose of providing telecommunications 
service. They may be located on premises 
owned or leased by the organization pro-
viding telecommunication service, or on the 
premises owned or leased by others. This def-
inition includes switch rooms (whether 
electromechanical, electronic, or computer 
controlled), terminal rooms, power rooms, 
repeater rooms, transmitter and receiver 
rooms, switchboard operating rooms, cable 
vaults, and miscellaneous communications 
equipment rooms. Simulation rooms of tele-
communication centers for training or devel-
opmental purposes are also included. 

(38) Telecommunications derricks. Ro-
tating or nonrotating derrick struc-
tures permanently mounted on vehicles 
for the purpose of lifting, lowering, or 
positioning hardware and materials 
used in telecommunications work. 

(39) Telecommunication line truck. A 
truck used to transport men, tools, and 
material, and to serve as a traveling 
workshop for telecommunication in-
stallation and maintenance work. It is 
sometimes equipped with a boom and 
auxiliary equipment for setting poles, 
digging holes, and elevating material 
or men. 

(40) Telecommunication service. The 
furnishing of a capability to signal or 
communicate at a distance by means 

such as telephone, telegraph, police 
and firealarm, community antenna tel-
evision, or similar system, using wire, 
conventional cable, coaxial cable, wave 
guides, microwave transmission, or 
other similar means. 

(41) Unvented vault. An enclosed vault 
in which the only openings are access 
openings. 

(42) Vault. An enclosure above or 
below ground which personnel may 
enter, and which is used for the pur-
pose of installing, operating, and/or 
maintaining equipment and/or cable 
which need not be of submersible de-
sign. 

(43) Vented vault. An enclosure as de-
scribed in paragraph(s) (42) of this sec-
tion, with provision for air changes 
using exhaust flue stack(s) and low 
level air intake(s), operating on dif-
ferentials of pressure and temperature 
providing for air flow. 

(44) Voltage of an effectively grounded 
circuit. The voltage between any con-
ductor and ground unless otherwise in-
dicated. 

(45) Voltage of a circuit not effectively 
grounded. The voltage between any two 
conductors. If one circuit is directly 
connected to and supplied from another 
circuit of higher voltage (as in the case 
of an autotransformer), both are con-
sidered as of the higher voltage, unless 
the circuit of lower voltage is effec-
tively grounded, in which case its volt-
age is not determined by the circuit of 
higher voltage. Direct connection im-
plies electric connection as distin-
guished from connection merely 
through electromagnetic or electro-
static induction. 

[40 FR 13441, Mar. 26, 1975, as amended at 43 
FR 49751, Oct. 24, 1978; 47 FR 14706, Apr. 6, 
1982; 52 FR 36387, Sept. 28, 1987; 54 FR 24334, 
June 7, 1989; 61 FR 9242, Mar. 7, 1996; 63 FR 
33467, June 18, 1998; 67 FR 67965, Nov. 7, 2002; 
69 FR 31882, June 8, 2004; 70 FR 1141, Jan. 5, 
2005; 81 FR 83006, Nov. 18, 2016] 

§ 1910.269 Electric power generation, 
transmission, and distribution. 

(a) General—(1) Application. (i) This 
section covers the operation and main-
tenance of electric power generation, 
control, transformation, transmission, 
and distribution lines and equipment. 
These provisions apply to: 
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(A) Power generation, transmission, 
and distribution installations, includ-
ing related equipment for the purpose 
of communication or metering that are 
accessible only to qualified employees; 

NOTE TO PARAGRAPH (a)(1)(i)(A): The types 
of installations covered by this paragraph in-
clude the generation, transmission, and dis-
tribution installations of electric utilities, 
as well as equivalent installations of indus-
trial establishments. Subpart S of this part 
covers supplementary electric generating 
equipment that is used to supply a work-
place for emergency, standby, or similar pur-
poses only. (See paragraph (a)(1)(i)(B) of this 
section.) 

(B) Other installations at an electric 
power generating station, as follows: 

(1) Fuel and ash handling and proc-
essing installations, such as coal con-
veyors, 

(2) Water and steam installations, 
such as penstocks, pipelines, and 
tanks, providing a source of energy for 
electric generators, and 

(3) Chlorine and hydrogen systems; 
(C) Test sites where employees per-

form electrical testing involving tem-
porary measurements associated with 
electric power generation, trans-
mission, and distribution in labora-
tories, in the field, in substations, and 
on lines, as opposed to metering, relay-
ing, and routine line work; 

(D) Work on, or directly associated 
with, the installations covered in para-
graphs (a)(1)(i)(A) through (a)(1)(i)(C) of 
this section; and 

(E) Line-clearance tree trimming 
performed for the purpose of clearing 
space around electric power genera-
tion, transmission, or distribution 
lines or equipment and on behalf of an 
organization that operates, or that 
controls the operating procedures for, 
those lines or equipment, as follows: 

(1) Entire § 1910.269, except paragraph 
(r)(1) of this section, applies to line- 
clearance tree trimming covered by the 
introductory text to paragraph 
(a)(1)(i)(E) of the section when per-
formed by qualified employees (those 
who are knowledgeable in the construc-
tion and operation of the electric 
power generation, transmission, or dis-
tribution equipment involved, along 
with the associated hazards). 

(2) Paragraphs (a)(2), (a)(3), (b), (c), 
(g), (k), (p), and (r) of this section apply 

to line-clearance tree trimming cov-
ered by the introductory text to para-
graph (a)(1)(i)(E) of this section when 
performed by line-clearance tree trim-
mers who are not qualified employees. 

(ii) Notwithstanding paragraph 
(a)(1)(i) of this section, § 1910.269 of this 
part does not apply: 

(A) To construction work, as defined 
in § 1910.12 of this part, except for line- 
clearance tree trimming and work in-
volving electric power generation in-
stallations as specified in § 1926.950(a)(3) 
of this chapter; or 

(B) To electrical installations, elec-
trical safety-related work practices, or 
electrical maintenance considerations 
covered by subpart S of this part. 

NOTE 1 TO PARAGRAPH (a)(1)(ii)(B): The Oc-
cupational Safety and Health Administra-
tion considers work practices conforming to 
§§ 1910.332 through 1910.335 as complying with 
the electrical safety-related work-practice 
requirements of § 1910.269 identified in Table 
1 of appendix A–2 to this section, provided 
that employers are performing the work on a 
generation or distribution installation meet-
ing §§ 1910.303 through 1910.308. This table 
also identifies provisions in § 1910.269 that 
apply to work by qualified persons directly 
on, or associated with, installations of elec-
tric power generation, transmission, and dis-
tribution lines or equipment, regardless of 
compliance with §§ 1910.332 through 1910.335. 

NOTE 2 TO PARAGRAPH (a)(1)(ii)(B): The Oc-
cupational Safety and Health Administra-
tion considers work practices performed by 
qualified persons and conforming to § 1910.269 
as complying with §§ 1910.333(c) and 1910.335. 

(iii) This section applies in addition 
to all other applicable standards con-
tained in this part 1910. Employers cov-
ered under this section are not exempt 
from complying with other applicable 
provisions in part 1910 by the operation 
of § 1910.5(c). Specific references in this 
section to other sections of part 1910 
are for emphasis only. 

(2) Training. (i) All employees per-
forming work covered by this section 
shall be trained as follows: 

(A) Each employee shall be trained 
in, and familiar with, the safety-re-
lated work practices, safety proce-
dures, and other safety requirements in 
this section that pertain to his or her 
job assignments. 

(B) Each employee shall also be 
trained in and familiar with any other 
safety practices, including applicable 
emergency procedures (such as pole-top 
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and manhole rescue), that are not spe-
cifically addressed by this section but 
that are related to his or her work and 
are necessary for his or her safety. 

(C) The degree of training shall be de-
termined by the risk to the employee 
for the hazard involved. 

(ii) Each qualified employee shall 
also be trained and competent in: 

(A) The skills and techniques nec-
essary to distinguish exposed live parts 
from other parts of electric equipment, 

(B) The skills and techniques nec-
essary to determine the nominal volt-
age of exposed live parts, 

(C) The minimum approach distances 
specified in this section corresponding 
to the voltages to which the qualified 
employee will be exposed and the skills 
and techniques necessary to maintain 
those distances, 

(D) The proper use of the special pre-
cautionary techniques, personal pro-
tective equipment, insulating and 
shielding materials, and insulated tools 
for working on or near exposed ener-
gized parts of electric equipment, and 

(E) The recognition of electrical haz-
ards to which the employee may be ex-
posed and the skills and techniques 
necessary to control or avoid these 
hazards. 

NOTE TO PARAGRAPH (a)(2)(ii): For the pur-
poses of this section, a person must have the 
training required by paragraph (a)(2)(ii) of 
this section to be considered a qualified per-
son. 

(iii) Each line-clearance tree trimmer 
who is not a qualified employee shall 
also be trained and competent in: 

(A) The skills and techniques nec-
essary to distinguish exposed live parts 
from other parts of electric equipment, 

(B) The skills and techniques nec-
essary to determine the nominal volt-
age of exposed live parts, and 

(C) The minimum approach distances 
specified in this section corresponding 
to the voltages to which the employee 
will be exposed and the skills and tech-
niques necessary to maintain those dis-
tances. 

(iv) The employer shall determine, 
through regular supervision and 
through inspections conducted on at 
least an annual basis, that each em-
ployee is complying with the safety-re-
lated work practices required by this 
section. 

(v) An employee shall receive addi-
tional training (or retraining) under 
any of the following conditions: 

(A) If the supervision or annual in-
spections required by paragraph 
(a)(2)(iv) of this section indicate that 
the employee is not complying with 
the safety-related work practices re-
quired by this section, or 

(B) If new technology, new types of 
equipment, or changes in procedures 
necessitate the use of safety-related 
work practices that are different from 
those which the employee would nor-
mally use, or 

(C) If he or she must employ safety- 
related work practices that are not 
normally used during his or her regular 
job duties. 

NOTE TO PARAGRAPH (a)(2)(v)(C): The Occu-
pational Safety and Health Administration 
considers tasks that are performed less often 
than once per year to necessitate retraining 
before the performance of the work practices 
involved. 

(vi) The training required by para-
graph (a)(2) of this section shall be of 
the classroom or on-the-job type. 

(vii) The training shall establish em-
ployee proficiency in the work prac-
tices required by this section and shall 
introduce the procedures necessary for 
compliance with this section. 

(viii) The employer shall ensure that 
each employee has demonstrated pro-
ficiency in the work practices involved 
before that employee is considered as 
having completed the training required 
by paragraph (a)(2) of this section. 

NOTE 1 TO PARAGRAPH (a)(2)(viii): Though 
they are not required by this paragraph, em-
ployment records that indicate that an em-
ployee has successfully completed the re-
quired training are one way of keeping track 
of when an employee has demonstrated pro-
ficiency. 

NOTE 2 TO PARAGRAPH (a)(2)(viii): For an 
employee with previous training, an em-
ployer may determine that that employee 
has demonstrated the proficiency required 
by this paragraph using the following proc-
ess: 

(1) Confirm that the employee has the 
training required by paragraph (a)(2) of this 
section, 

(2) Use an examination or interview to 
make an initial determination that the em-
ployee understands the relevant safety-re-
lated work practices before he or she per-
forms any work covered by this section, and 
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(3) Supervise the employee closely until 
that employee has demonstrated proficiency 
as required by this paragraph. 

(3) Information transfer. (i) Before 
work begins, the host employer shall 
inform contract employers of: 

(A) The characteristics of the host 
employer’s installation that are re-
lated to the safety of the work to be 
performed and are listed in paragraphs 
(a)(4)(i) through (a)(4)(v) of this sec-
tion; 

NOTE TO PARAGRAPH (a)(3)(i)(A): This para-
graph requires the host employer to obtain 
information listed in paragraphs (a)(4)(i) 
through (a)(4)(v) of this section if it does not 
have this information in existing records. 

(B) Conditions that are related to the 
safety of the work to be performed, 
that are listed in paragraphs (a)(4)(vi) 
through (a)(4)(viii) of this section, and 
that are known to the host employer; 

NOTE TO PARAGRAPH (a)(3)(i)(B): For the 
purposes of this paragraph, the host em-
ployer need only provide information to con-
tract employers that the host employer can 
obtain from its existing records through the 
exercise of reasonable diligence. This para-
graph does not require the host employer to 
make inspections of worksite conditions to 
obtain this information. 

(C) Information about the design and 
operation of the host employer’s instal-
lation that the contract employer 
needs to make the assessments re-
quired by this section; and 

NOTE TO PARAGRAPH (a)(3)(i)(C): This para-
graph requires the host employer to obtain 
information about the design and operation 
of its installation that contract employers 
need to make required assessments if it does 
not have this information in existing 
records. 

(D) Any other information about the 
design and operation of the host em-
ployer’s installation that is known by 
the host employer, that the contract 
employer requests, and that is related 
to the protection of the contract em-
ployer’s employees. 

NOTE TO PARAGRAPH (a)(3)(i)(D): For the 
purposes of this paragraph, the host em-
ployer need only provide information to con-
tract employers that the host employer can 
obtain from its existing records through the 
exercise of reasonable diligence. This para-
graph does not require the host employer to 
make inspections of worksite conditions to 
obtain this information. 

(ii) Contract employers shall comply 
with the following requirements: 

(A) The contract employer shall en-
sure that each of its employees is in-
structed in the hazardous conditions 
relevant to the employee’s work that 
the contract employer is aware of as a 
result of information communicated to 
the contract employer by the host em-
ployer under paragraph (a)(3)(i) of this 
section. 

(B) Before work begins, the contract 
employer shall advise the host em-
ployer of any unique hazardous condi-
tions presented by the contract em-
ployer’s work. 

(C) The contract employer shall ad-
vise the host employer of any unantici-
pated hazardous conditions found dur-
ing the contract employer’s work that 
the host employer did not mention 
under paragraph (a)(3)(i) of this sec-
tion. The contract employer shall pro-
vide this information to the host em-
ployer within 2 working days after dis-
covering the hazardous condition. 

(iii) The contract employer and the 
host employer shall coordinate their 
work rules and procedures so that each 
employee of the contract employer and 
the host employer is protected as re-
quired by this section. 

(4) Existing characteristics and condi-
tions. Existing characteristics and con-
ditions of electric lines and equipment 
that are related to the safety of the 
work to be performed shall be deter-
mined before work on or near the lines 
or equipment is started. Such charac-
teristics and conditions include, but 
are not limited to: 

(i) The nominal voltages of lines and 
equipment, 

(ii) The maximum switching-tran-
sient voltages, 

(iii) The presence of hazardous in-
duced voltages, 

(iv) The presence of protective 
grounds and equipment grounding con-
ductors, 

(v) The locations of circuits and 
equipment, including electric supply 
lines, communication lines, and fire- 
protective signaling circuits, 

(vi) The condition of protective 
grounds and equipment grounding con-
ductors, 

(vii) The condition of poles, and 
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(viii) Environmental conditions re-
lating to safety. 

(b) Medical services and first aid. The 
employer shall provide medical serv-
ices and first aid as required in 
§ 1910.151. In addition to the require-
ments of § 1910.151, the following re-
quirements also apply: 

(1) First-aid training. When employees 
are performing work on, or associated 
with, exposed lines or equipment ener-
gized at 50 volts or more, persons with 
first-aid training shall be available as 
follows: 

(i) For field work involving two or 
more employees at a work location, at 
least two trained persons shall be 
available. However, for line-clearance 
tree trimming performed by line-clear-
ance tree trimmers who are not quali-
fied employees, only one trained person 
need be available if all new employees 
are trained in first aid within 3 months 
of their hiring dates. 

(ii) For fixed work locations such as 
substations, the number of trained per-
sons available shall be sufficient to en-
sure that each employee exposed to 
electric shock can be reached within 4 
minutes by a trained person. However, 
where the existing number of employ-
ees is insufficient to meet this require-
ment (at a remote substation, for ex-
ample), each employee at the work lo-
cation shall be a trained employee. 

(2) First-aid supplies. First-aid sup-
plies required by § 1910.151(b) shall be 
placed in weatherproof containers if 
the supplies could be exposed to the 
weather. 

(3) First-aid kits. The employer shall 
maintain each first-aid kit, shall en-
sure that it is readily available for use, 
and shall inspect it frequently enough 
to ensure that expended items are re-
placed. The employer also shall inspect 
each first aid kit at least once per 
year. 

(c) Job briefing—(1) Before each job. (i) 
In assigning an employee or a group of 
employees to perform a job, the em-
ployer shall provide the employee in 
charge of the job with all available in-
formation that relates to the deter-
mination of existing characteristics 
and conditions required by paragraph 
(a)(4) of this section. 

(ii) The employer shall ensure that 
the employee in charge conducts a job 

briefing that meets paragraphs (c)(2), 
(c)(3), and (c)(4) of this section with the 
employees involved before they start 
each job. 

(2) Subjects to be covered. The briefing 
shall cover at least the following sub-
jects: hazards associated with the job, 
work procedures involved, special pre-
cautions, energy-source controls, and 
personal protective equipment require-
ments. 

(3) Number of briefings. (i) If the work 
or operations to be performed during 
the work day or shift are repetitive and 
similar, at least one job briefing shall 
be conducted before the start of the 
first job of each day or shift. 

(ii) Additional job briefings shall be 
held if significant changes, which 
might affect the safety of the employ-
ees, occur during the course of the 
work. 

(4) Extent of briefing. (i) A brief dis-
cussion is satisfactory if the work in-
volved is routine and if the employees, 
by virtue of training and experience, 
can reasonably be expected to recog-
nize and avoid the hazards involved in 
the job. 

(ii) A more extensive discussion shall 
be conducted: 

(A) If the work is complicated or par-
ticularly hazardous, or 

(B) If the employee cannot be ex-
pected to recognize and avoid the haz-
ards involved in the job. 

NOTE TO PARAGRAPH (c)(4): The briefing 
must address all the subjects listed in para-
graph (c)(2) of this section. 

(5) Working alone. An employee work-
ing alone need not conduct a job brief-
ing. However, the employer shall en-
sure that the tasks to be performed are 
planned as if a briefing were required. 

(d) Hazardous energy control (lockout/ 
tagout) procedures—(1) Application. The 
provisions of paragraph (d) of this sec-
tion apply to the use of lockout/tagout 
procedures for the control of energy 
sources in installations for the purpose 
of electric power generation, including 
related equipment for communication 
or metering. Locking and tagging pro-
cedures for the deenergizing of electric 
energy sources which are used exclu-
sively for purposes of transmission and 
distribution are addressed by para-
graph (m) of this section. 
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NOTE TO PARAGRAPH (d)(1): Installations in 
electric power generation facilities that are 
not an integral part of, or inextricably com-
mingled with, power generation processes or 
equipment are covered under § 1910.147 and 
Subpart S of this part. 

(2) General. (i) The employer shall es-
tablish a program consisting of energy 
control procedures, employee training, 
and periodic inspections to ensure that, 
before any employee performs any 
servicing or maintenance on a machine 
or equipment where the unexpected en-
ergizing, start up, or release of stored 
energy could occur and cause injury, 
the machine or equipment is isolated 
from the energy source and rendered 
inoperative. 

(ii) The employer’s energy control 
program under paragraph (d)(2) of this 
section shall meet the following re-
quirements: 

(A) If an energy isolating device is 
not capable of being locked out, the 
employer’s program shall use a tagout 
system. 

(B) If an energy isolating device is 
capable of being locked out, the em-
ployer’s program shall use lockout, un-
less the employer can demonstrate 
that the use of a tagout system will 
provide full employee protection as fol-
lows: 

(1) When a tagout device is used on 
an energy isolating device which is ca-
pable of being locked out, the tagout 
device shall be attached at the same lo-
cation that the lockout device would 
have been attached, and the employer 
shall demonstrate that the tagout pro-
gram will provide a level of safety 
equivalent to that obtained by the use 
of a lockout program. 

(2) In demonstrating that a level of 
safety is achieved in the tagout pro-
gram equivalent to the level of safety 
obtained by the use of a lockout pro-
gram, the employer shall demonstrate 
full compliance with all tagout-related 
provisions of this standard together 
with such additional elements as are 
necessary to provide the equivalent 
safety available from the use of a lock-
out device. Additional means to be con-
sidered as part of the demonstration of 
full employee protection shall include 
the implementation of additional safe-
ty measures such as the removal of an 
isolating circuit element, blocking of a 

controlling switch, opening of an extra 
disconnecting device, or the removal of 
a valve handle to reduce the likelihood 
of inadvertent energizing. 

(C) After November 1, 1994, whenever 
replacement or major repair, renova-
tion, or modification of a machine or 
equipment is performed, and whenever 
new machines or equipment are in-
stalled, energy isolating devices for 
such machines or equipment shall be 
designed to accept a lockout device. 

(iii) Procedures shall be developed, 
documented, and used for the control 
of potentially hazardous energy cov-
ered by paragraph (d) of this section. 

(iv) The procedure shall clearly and 
specifically outline the scope, purpose, 
responsibility, authorization, rules, 
and techniques to be applied to the 
control of hazardous energy, and the 
measures to enforce compliance includ-
ing, but not limited to, the following: 

(A) A specific statement of the in-
tended use of this procedure; 

(B) Specific procedural steps for 
shutting down, isolating, blocking and 
securing machines or equipment to 
control hazardous energy; 

(C) Specific procedural steps for the 
placement, removal, and transfer of 
lockout devices or tagout devices and 
the responsibility for them; and 

(D) Specific requirements for testing 
a machine or equipment to determine 
and verify the effectiveness of lockout 
devices, tagout devices, and other en-
ergy control measures. 

(v) The employer shall conduct a 
periodic inspection of the energy con-
trol procedure at least annually to en-
sure that the procedure and the provi-
sions of paragraph (d) of this section 
are being followed. 

(A) The periodic inspection shall be 
performed by an authorized employee 
who is not using the energy control 
procedure being inspected. 

(B) The periodic inspection shall be 
designed to identify and correct any 
deviations or inadequacies. 

(C) If lockout is used for energy con-
trol, the periodic inspection shall in-
clude a review, between the inspector 
and each authorized employee, of that 
employee’s responsibilities under the 
energy control procedure being in-
spected. 
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(D) Where tagout is used for energy 
control, the periodic inspection shall 
include a review, between the inspector 
and each authorized and affected em-
ployee, of that employee’s responsibil-
ities under the energy control proce-
dure being inspected, and the elements 
set forth in paragraph (d)(2)(vii) of this 
section. 

(E) The employer shall certify that 
the inspections required by paragraph 
(d)(2)(v) of this section have been ac-
complished. The certification shall 
identify the machine or equipment on 
which the energy control procedure 
was being used, the date of the inspec-
tion, the employees included in the in-
spection, and the person performing 
the inspection. 

NOTE TO PARAGRAPH (d)(2)(v)(E): If normal 
work schedule and operation records dem-
onstrate adequate inspection activity and 
contain the required information, no addi-
tional certification is required. 

(vi) The employer shall provide train-
ing to ensure that the purpose and 
function of the energy control program 
are understood by employees and that 
the knowledge and skills required for 
the safe application, usage, and re-
moval of energy controls are acquired 
by employees. The training shall in-
clude the following: 

(A) Each authorized employee shall 
receive training in the recognition of 
applicable hazardous energy sources, 
the type and magnitude of energy 
available in the workplace, and in the 
methods and means necessary for en-
ergy isolation and control. 

(B) Each affected employee shall be 
instructed in the purpose and use of 
the energy control procedure. 

(C) All other employees whose work 
operations are or may be in an area 
where energy control procedures may 
be used shall be instructed about the 
procedures and about the prohibition 
relating to attempts to restart or re-
energize machines or equipment that 
are locked out or tagged out. 

(vii) When tagout systems are used, 
employees shall also be trained in the 
following limitations of tags: 

(A) Tags are essentially warning de-
vices affixed to energy isolating de-
vices and do not provide the physical 
restraint on those devices that is pro-
vided by a lock. 

(B) When a tag is attached to an en-
ergy isolating means, it is not to be re-
moved without authorization of the au-
thorized person responsible for it, and 
it is never to be bypassed, ignored, or 
otherwise defeated. 

(C) Tags must be legible and under-
standable by all authorized employees, 
affected employees, and all other em-
ployees whose work operations are or 
may be in the area, in order to be effec-
tive. 

(D) Tags and their means of attach-
ment must be made of materials which 
will withstand the environmental con-
ditions encountered in the workplace. 

(E) Tags may evoke a false sense of 
security, and their meaning needs to be 
understood as part of the overall en-
ergy control program. 

(F) Tags must be securely attached 
to energy isolating devices so that they 
cannot be inadvertently or acciden-
tally detached during use. 

(viii) Retraining shall be provided by 
the employer as follows: 

(A) Retraining shall be provided for 
all authorized and affected employees 
whenever there is a change in their job 
assignments, a change in machines, 
equipment, or processes that present a 
new hazard or whenever there is a 
change in the energy control proce-
dures. 

(B) Retraining shall also be con-
ducted whenever a periodic inspection 
under paragraph (d)(2)(v) of this section 
reveals, or whenever the employer has 
reason to believe, that there are devi-
ations from or inadequacies in an em-
ployee’s knowledge or use of the energy 
control procedures. 

(C) The retraining shall reestablish 
employee proficiency and shall intro-
duce new or revised control methods 
and procedures, as necessary. 

(ix) The employer shall certify that 
employee training has been accom-
plished and is being kept up to date. 
The certification shall contain each 
employee’s name and dates of training. 

(3) Protective materials and hardware. 
(i) Locks, tags, chains, wedges, key 
blocks, adapter pins, self-locking fas-
teners, or other hardware shall be pro-
vided by the employer for isolating, se-
curing, or blocking of machines or 
equipment from energy sources. 
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(ii) Lockout devices and tagout de-
vices shall be singularly identified; 
shall be the only devices used for con-
trolling energy; may not be used for 
other purposes; and shall meet the fol-
lowing requirements: 

(A) Lockout devices and tagout de-
vices shall be capable of withstanding 
the environment to which they are ex-
posed for the maximum period of time 
that exposure is expected. 

(1) Tagout devices shall be con-
structed and printed so that exposure 
to weather conditions or wet and damp 
locations will not cause the tag to de-
teriorate or the message on the tag to 
become illegible. 

(2) Tagout devices shall be so con-
structed as not to deteriorate when 
used in corrosive environments. 

(B) Lockout devices and tagout de-
vices shall be standardized within the 
facility in at least one of the following 
criteria: color, shape, size. Addition-
ally, in the case of tagout devices, 
print and format shall be standardized. 

(C) Lockout devices shall be substan-
tial enough to prevent removal without 
the use of excessive force or unusual 
techniques, such as with the use of bolt 
cutters or metal cutting tools. 

(D) Tagout devices, including their 
means of attachment, shall be substan-
tial enough to prevent inadvertent or 
accidental removal. Tagout device at-
tachment means shall be of a non-reus-
able type, attachable by hand, self- 
locking, and nonreleasable with a min-
imum unlocking strength of no less 
than 50 pounds and shall have the gen-
eral design and basic characteristics of 
being at least equivalent to a one- 
piece, all-environment-tolerant nylon 
cable tie. 

(E) Each lockout device or tagout de-
vice shall include provisions for the 
identification of the employee applying 
the device. 

(F) Tagout devices shall warn against 
hazardous conditions if the machine or 
equipment is energized and shall in-
clude a legend such as the following: 
Do Not Start, Do Not Open, Do Not 
Close, Do Not Energize, Do Not Oper-
ate. 

NOTE TO PARAGRAPH (d)(3)(ii)(F): For spe-
cific provisions covering accident prevention 
tags, see § 1910.145. 

(4) Energy isolation. Lockout and 
tagout device application and removal 
may only be performed by the author-
ized employees who are performing the 
servicing or maintenance. 

(5) Notification. Affected employees 
shall be notified by the employer or au-
thorized employee of the application 
and removal of lockout or tagout de-
vices. Notification shall be given before 
the controls are applied and after they 
are removed from the machine or 
equipment. 

NOTE TO PARAGRAPH (d)(5): See also para-
graph (d)(7) of this section, which requires 
that the second notification take place be-
fore the machine or equipment is reener-
gized. 

(6) Lockout/tagout application. The es-
tablished procedures for the applica-
tion of energy control (the lockout or 
tagout procedures) shall include the 
following elements and actions, and 
these procedures shall be performed in 
the following sequence: 

(i) Before an authorized or affected 
employee turns off a machine or equip-
ment, the authorized employee shall 
have knowledge of the type and mag-
nitude of the energy, the hazards of the 
energy to be controlled, and the meth-
od or means to control the energy. 

(ii) The machine or equipment shall 
be turned off or shut down using the 
procedures established for the machine 
or equipment. An orderly shutdown 
shall be used to avoid any additional or 
increased hazards to employees as a re-
sult of the equipment stoppage. 

(iii) All energy isolating devices that 
are needed to control the energy to the 
machine or equipment shall be phys-
ically located and operated in such a 
manner as to isolate the machine or 
equipment from energy sources. 

(iv) Lockout or tagout devices shall 
be affixed to each energy isolating de-
vice by authorized employees. 

(A) Lockout devices shall be attached 
in a manner that will hold the energy 
isolating devices in a ‘‘safe’’ or ‘‘off’’ 
position. 

(B) Tagout devices shall be affixed in 
such a manner as will clearly indicate 
that the operation or movement of en-
ergy isolating devices from the ‘‘safe’’ 
or ‘‘off’’ position is prohibited. 

(1) Where tagout devices are used 
with energy isolating devices designed 
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with the capability of being locked out, 
the tag attachment shall be fastened at 
the same point at which the lock would 
have been attached. 

(2) Where a tag cannot be affixed di-
rectly to the energy isolating device, 
the tag shall be located as close as 
safely possible to the device, in a posi-
tion that will be immediately obvious 
to anyone attempting to operate the 
device. 

(v) Following the application of lock-
out or tagout devices to energy iso-
lating devices, all potentially haz-
ardous stored or residual energy shall 
be relieved, disconnected, restrained, 
or otherwise rendered safe. 

(vi) If there is a possibility of re-
accumulation of stored energy to a 
hazardous level, verification of isola-
tion shall be continued until the serv-
icing or maintenance is completed or 
until the possibility of such accumula-
tion no longer exists. 

(vii) Before starting work on ma-
chines or equipment that have been 
locked out or tagged out, the author-
ized employee shall verify that isola-
tion and deenergizing of the machine 
or equipment have been accomplished. 
If normally energized parts will be ex-
posed to contact by an employee while 
the machine or equipment is deener-
gized, a test shall be performed to en-
sure that these parts are deenergized. 

(7) Release from lockout/tagout. Before 
lockout or tagout devices are removed 
and energy is restored to the machine 
or equipment, procedures shall be fol-
lowed and actions taken by the author-
ized employees to ensure the following: 

(i) The work area shall be inspected 
to ensure that nonessential items have 
been removed and that machine or 
equipment components are operation-
ally intact. 

(ii) The work area shall be checked to 
ensure that all employees have been 
safely positioned or removed. 

(iii) After lockout or tagout devices 
have been removed and before a ma-
chine or equipment is started, affected 
employees shall be notified that the 
lockout or tagout devices have been re-
moved. 

(iv) Each lockout or tagout device 
shall be removed from each energy iso-
lating device by the authorized em-
ployee who applied the lockout or 

tagout device. However, if that em-
ployee is not available to remove it, 
the device may be removed under the 
direction of the employer, provided 
that specific procedures and training 
for such removal have been developed, 
documented, and incorporated into the 
employer’s energy control program. 
The employer shall demonstrate that 
the specific procedure provides a de-
gree of safety equivalent to that pro-
vided by the removal of the device by 
the authorized employee who applied 
it. The specific procedure shall include 
at least the following elements: 

(A) Verification by the employer that 
the authorized employee who applied 
the device is not at the facility; 

(B) Making all reasonable efforts to 
contact the authorized employee to in-
form him or her that his or her lockout 
or tagout device has been removed; and 

(C) Ensuring that the authorized em-
ployee has this knowledge before he or 
she resumes work at that facility. 

(8) Additional requirements. (i) If the 
lockout or tagout devices must be tem-
porarily removed from energy isolating 
devices and the machine or equipment 
must be energized to test or position 
the machine, equipment, or component 
thereof, the following sequence of ac-
tions shall be followed: 

(A) Clear the machine or equipment 
of tools and materials in accordance 
with paragraph (d)(7)(i) of this section; 

(B) Remove employees from the ma-
chine or equipment area in accordance 
with paragraphs (d)(7)(ii) and (d)(7)(iii) 
of this section; 

(C) Remove the lockout or tagout de-
vices as specified in paragraph (d)(7)(iv) 
of this section; 

(D) Energize and proceed with the 
testing or positioning; and 

(E) Deenergize all systems and re-
apply energy control measures in ac-
cordance with paragraph (d)(6) of this 
section to continue the servicing or 
maintenance. 

(ii) When servicing or maintenance is 
performed by a crew, craft, depart-
ment, or other group, they shall use a 
procedure which affords the employees 
a level of protection equivalent to that 
provided by the implementation of a 
personal lockout or tagout device. 
Group lockout or tagout devices shall 
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be used in accordance with the proce-
dures required by paragraphs (d)(2)(iii) 
and (d)(2)(iv) of this section including, 
but not limited to, the following spe-
cific requirements: 

(A) Primary responsibility shall be 
vested in an authorized employee for a 
set number of employees working 
under the protection of a group lockout 
or tagout device (such as an operations 
lock); 

(B) Provision shall be made for the 
authorized employee to ascertain the 
exposure status of all individual group 
members with regard to the lockout or 
tagout of the machine or equipment; 

(C) When more than one crew, craft, 
department, or other group is involved, 
assignment of overall job-associated 
lockout or tagout control responsi-
bility shall be given to an authorized 
employee designated to coordinate af-
fected work forces and ensure con-
tinuity of protection; and 

(D) Each authorized employee shall 
affix a personal lockout or tagout de-
vice to the group lockout device, group 
lockbox, or comparable mechanism 
when he or she begins work and shall 
remove those devices when he or she 
stops working on the machine or equip-
ment being serviced or maintained. 

(iii) Procedures shall be used during 
shift or personnel changes to ensure 
the continuity of lockout or tagout 
protection, including provision for the 
orderly transfer of lockout or tagout 
device protection between off-going 
and on-coming employees, to minimize 
their exposure to hazards from the un-
expected energizing or start-up of the 
machine or equipment or from the re-
lease of stored energy. 

(iv) Whenever outside servicing per-
sonnel are to be engaged in activities 
covered by paragraph (d) of this sec-
tion, the on-site employer and the out-
side employer shall inform each other 
of their respective lockout or tagout 
procedures, and each employer shall 
ensure that his or her personnel under-
stand and comply with restrictions and 
prohibitions of the energy control pro-
cedures being used. 

(v) If energy isolating devices are in-
stalled in a central location and are 
under the exclusive control of a system 
operator, the following requirements 
apply: 

(A) The employer shall use a proce-
dure that affords employees a level of 
protection equivalent to that provided 
by the implementation of a personal 
lockout or tagout device. 

(B) The system operator shall place 
and remove lockout and tagout devices 
in place of the authorized employee 
under paragraphs (d)(4), (d)(6)(iv), and 
(d)(7)(iv) of this section. 

(C) Provisions shall be made to iden-
tify the authorized employee who is re-
sponsible for (that is, being protected 
by) the lockout or tagout device, to 
transfer responsibility for lockout and 
tagout devices, and to ensure that an 
authorized employee requesting re-
moval or transfer of a lockout or 
tagout device is the one responsible for 
it before the device is removed or 
transferred. 

NOTE TO PARAGRAPH (d): Lockout and tag-
ging procedures that comply with para-
graphs (c) through (f) of § 1910.147 will also be 
deemed to comply with paragraph (d) of this 
section if the procedures address the hazards 
covered by paragraph (d) of this section. 

(e) Enclosed spaces. This paragraph 
covers enclosed spaces that may be en-
tered by employees. It does not apply 
to vented vaults if the employer makes 
a determination that the ventilation 
system is operating to protect employ-
ees before they enter the space. This 
paragraph applies to routine entry into 
enclosed spaces in lieu of the permit- 
space entry requirements contained in 
paragraphs (d) through (k) of § 1910.146. 
If, after the employer takes the pre-
cautions given in paragraphs (e) and (t) 
of this section, the hazards remaining 
in the enclosed space endanger the life 
of an entrant or could interfere with an 
entrant’s escape from the space, then 
entry into the enclosed space shall 
meet the permit-space entry require-
ments of paragraphs (d) through (k) of 
§ 1910.146. 

(1) Safe work practices. The employer 
shall ensure the use of safe work prac-
tices for entry into, and work in, en-
closed spaces and for rescue of employ-
ees from such spaces. 

(2) Training. Each employee who en-
ters an enclosed space or who serves as 
an attendant shall be trained in the 
hazards of enclosed-space entry, in en-
closed-space entry procedures, and in 
enclosed-space rescue procedures. 

VerDate Sep<11>2014 10:47 Sep 08, 2020 Jkt 250120 PO 00000 Frm 00784 Fmt 8010 Sfmt 8002 Q:\29\29V5.TXT PC31kp
ay

ne
 o

n 
V

M
O

F
R

W
IN

70
2 

w
ith

 $
$_

JO
B



775 

Occupational Safety and Health Admin., Labor § 1910.269 

(3) Rescue equipment. Employers shall 
provide equipment to ensure the 
prompt and safe rescue of employees 
from the enclosed space. 

(4) Evaluating potential hazards. Be-
fore any entrance cover to an enclosed 
space is removed, the employer shall 
determine whether it is safe to do so by 
checking for the presence of any at-
mospheric pressure or temperature dif-
ferences and by evaluating whether 
there might be a hazardous atmosphere 
in the space. Any conditions making it 
unsafe to remove the cover shall be 
eliminated before the cover is removed. 

NOTE TO PARAGRAPH (e)(4): The determina-
tion called for in this paragraph may consist 
of a check of the conditions that might 
foreseeably be in the enclosed space. For ex-
ample, the cover could be checked to see if it 
is hot and, if it is fastened in place, could be 
loosened gradually to release any residual 
pressure. An evaluation also needs to be 
made of whether conditions at the site could 
cause a hazardous atmosphere, such as an 
oxygen-deficient or flammable atmosphere, 
to develop within the space. 

(5) Removing covers. When covers are 
removed from enclosed spaces, the 
opening shall be promptly guarded by a 
railing, temporary cover, or other bar-
rier designed to prevent an accidental 
fall through the opening and to protect 
employees working in the space from 
objects entering the space. 

(6) Hazardous atmosphere. Employees 
may not enter any enclosed space while 
it contains a hazardous atmosphere, 
unless the entry conforms to the per-
mit-required confined spaces standard 
in § 1910.146. 

(7) Attendants. While work is being 
performed in the enclosed space, an at-
tendant with first-aid training shall be 
immediately available outside the en-
closed space to provide assistance if a 
hazard exists because of traffic pat-
terns in the area of the opening used 
for entry. The attendant is not pre-
cluded from performing other duties 
outside the enclosed space if these du-
ties do not distract the attendant from: 
monitoring employees within the space 
or ensuring that it is safe for employ-
ees to enter and exit the space. 

NOTE TO PARAGRAPH (e)(7): See paragraph 
(t) of this section for additional require-
ments on attendants for work in manholes 
and vaults. 

(8) Calibration of test instruments. Test 
instruments used to monitor 
atmospheres in enclosed spaces shall be 
kept in calibration and shall have a 
minimum accuracy of ±10 percent. 

(9) Testing for oxygen deficiency. Be-
fore an employee enters an enclosed 
space, the atmosphere in the enclosed 
space shall be tested for oxygen defi-
ciency with a direct-reading meter or 
similar instrument, capable of collec-
tion and immediate analysis of data 
samples without the need for off-site 
evaluation. If continuous forced-air 
ventilation is provided, testing is not 
required provided that the procedures 
used ensure that employees are not ex-
posed to the hazards posed by oxygen 
deficiency. 

(10) Testing for flammable gases and va-
pors. Before an employee enters an en-
closed space, the internal atmosphere 
shall be tested for flammable gases and 
vapors with a direct-reading meter or 
similar instrument capable of collec-
tion and immediate analysis of data 
samples without the need for off-site 
evaluation. This test shall be per-
formed after the oxygen testing and 
ventilation required by paragraph (e)(9) 
of this section demonstrate that there 
is sufficient oxygen to ensure the accu-
racy of the test for flammability. 

(11) Ventilation, and monitoring for 
flammable gases or vapors. If flammable 
gases or vapors are detected or if an ox-
ygen deficiency is found, forced-air 
ventilation shall be used to maintain 
oxygen at a safe level and to prevent a 
hazardous concentration of flammable 
gases and vapors from accumulating. A 
continuous monitoring program to en-
sure that no increase in flammable gas 
or vapor concentration above safe lev-
els occurs may be followed in lieu of 
ventilation if flammable gases or va-
pors are initially detected at safe lev-
els. 

NOTE TO PARAGRAPH (e)(11): See the defini-
tion of ‘‘hazardous atmosphere’’ for guidance 
in determining whether a specific concentra-
tion of a substance is hazardous. 

(12) Specific ventilation requirements. If 
continuous forced-air ventilation is 
used, it shall begin before entry is 
made and shall be maintained long 
enough for the employer to be able to 
demonstrate that a safe atmosphere ex-
ists before employees are allowed to 
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enter the work area. The forced-air 
ventilation shall be so directed as to 
ventilate the immediate area where 
employees are present within the en-
closed space and shall continue until 
all employees leave the enclosed space. 

(13) Air supply. The air supply for the 
continuous forced-air ventilation shall 
be from a clean source and may not in-
crease the hazards in the enclosed 
space. 

(14) Open flames. If open flames are 
used in enclosed spaces, a test for flam-
mable gases and vapors shall be made 
immediately before the open flame de-
vice is used and at least once per hour 
while the device is used in the space. 
Testing shall be conducted more fre-
quently if conditions present in the en-
closed space indicate that once per 
hour is insufficient to detect hazardous 
accumulations of flammable gases or 
vapors. 

NOTE TO PARAGRAPH (e)(14): See the defini-
tion of ‘‘hazardous atmosphere’’ for guidance 
in determining whether a specific concentra-
tion of a substance is hazardous. 

NOTE TO PARAGRAPH (e): Entries into en-
closed spaces conducted in accordance with 
the permit-space entry requirements of para-
graphs (d) through (k) of § 1910.146 are consid-
ered as complying with paragraph (e) of this 
section. 

(f) Excavations. Excavation oper-
ations shall comply with subpart P of 
part 1926 of this chapter. 

(g) Personal protective equipment—(1) 
General. Personal protective equipment 
shall meet the requirements of subpart 
I of this part. 

NOTE TO PARAGRAPH (g)(1) OF THIS SECTION: 
Paragraph (h) of § 1910.132 sets employer pay-
ment obligations for the personal protective 
equipment required by this section, includ-
ing, but not limited to, the fall protection 
equipment required by paragraph (g)(2) of 
this section, the electrical protective equip-
ment required by paragraph (l)(3) of this sec-
tion, and the flame-resistant and arc-rated 
clothing and other protective equipment re-
quired by paragraph (l)(8) of this section. 

(2) Fall protection. (i) Personal fall ar-
rest systems shall meet the require-
ments of subpart I of this part. 

(ii) Personal fall arrest equipment 
used by employees who are exposed to 
hazards from flames or electric arcs, as 
determined by the employer under 
paragraph (l)(8)(i) of this section, shall 
be capable of passing a drop test equiv-

alent to that required by paragraph 
(g)(2)(iii)(L) of this section after expo-
sure to an electric arc with a heat en-
ergy of 40±5 cal/cm2. 

(iii) Body belts and positioning straps 
for work-positioning equipment shall 
meet the following requirements: 

(A) Hardware for body belts and posi-
tioning straps shall meet the following 
requirements: 

(1) Hardware shall be made of drop- 
forged steel, pressed steel, formed 
steel, or equivalent material. 

(2) Hardware shall have a corrosion- 
resistant finish. 

(3) Hardware surfaces shall be smooth 
and free of sharp edges. 

(B) Buckles shall be capable of with-
standing an 8.9-kilonewton (2,000- 
pound-force) tension test with a max-
imum permanent deformation no 
greater than 0.4 millimeters (0.0156 
inches). 

(C) D rings shall be capable of with-
standing a 22-kilonewton (5,000-pound- 
force) tensile test without cracking or 
breaking. 

(D) Snaphooks shall be capable of 
withstanding a 22-kilonewton (5,000- 
pound-force) tension test without fail-
ure. 

NOTE TO PARAGRAPH (g)(2)(iii)(D): Distor-
tion of the snaphook sufficient to release the 
keeper is considered to be tensile failure of a 
snaphook. 

(E) Top grain leather or leather sub-
stitute may be used in the manufacture 
of body belts and positioning straps; 
however, leather and leather sub-
stitutes may not be used alone as a 
load-bearing component of the assem-
bly. 

(F) Plied fabric used in positioning 
straps and in load-bearing parts of 
body belts shall be constructed in such 
a way that no raw edges are exposed 
and the plies do not separate. 

(G) Positioning straps shall be capa-
ble of withstanding the following tests: 

(1) A dielectric test of 819.7 volts, AC, 
per centimeter (25,000 volts per foot) 
for 3 minutes without visible deteriora-
tion; 

(2) A leakage test of 98.4 volts, AC, 
per centimeter (3,000 volts per foot) 
with a leakage current of no more than 
1 mA; 
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NOTE TO PARAGRAPHS (g)(2)(iii)(G)(1) AND 
(g)(2)(iii)(G)(2): Positioning straps that pass 
direct-current tests at equivalent voltages 
are considered as meeting this requirement. 

(3) Tension tests of 20 kilonewtons 
(4,500 pounds-force) for sections free of 
buckle holes and of 15 kilonewtons 

(3,500 pounds-force) for sections with 
buckle holes; 

(4) A buckle-tear test with a load of 
4.4 kilonewtons (1,000 pounds-force); 
and 

(5) A flammability test in accordance 
with Table R–2. 

TABLE R–2—FLAMMABILITY TEST 

Test method Criteria for passing the test 

Vertically suspend a 500-mm (19.7-inch) length of strapping 
supporting a 100-kg (220.5-lb) weight.

Use a butane or propane burner with a 76-mm (3-inch) flame. 

Any flames on the positioning strap shall self extinguish. 
The positioning strap shall continue to support the 100-kg 

(220.5-lb) mass. 
Direct the flame to an edge of the strapping at a distance of 25 

mm (1 inch).
Remove the flame after 5 seconds.
Wait for any flames on the positioning strap to stop burning.

(H) The cushion part of the body belt 
shall contain no exposed rivets on the 
inside and shall be at least 76 millime-
ters (3 inches) in width. 

(I) Tool loops shall be situated on the 
body of a body belt so that the 100 mil-
limeters (4 inches) of the body belt that 
is in the center of the back, measuring 
from D ring to D ring, is free of tool 
loops and any other attachments. 

(J) Copper, steel, or equivalent liners 
shall be used around the bars of D rings 
to prevent wear between these mem-
bers and the leather or fabric enclosing 
them. 

(K) Snaphooks shall be of the locking 
type meeting the following require-
ments: 

(1) The locking mechanism shall first 
be released, or a destructive force shall 
be placed on the keeper, before the 
keeper will open. 

(2) A force in the range of 6.7 N (1.5 
lbf) to 17.8 N (4 lbf) shall be required to 
release the locking mechanism. 

(3) With the locking mechanism re-
leased and with a force applied on the 
keeper against the face of the nose, the 
keeper may not begin to open with a 
force of 11.2 N (2.5 lbf) or less and shall 
begin to open with a maximum force of 
17.8 N (4 lbf). 

(L) Body belts and positioning straps 
shall be capable of withstanding a drop 
test as follows: 

(1) The test mass shall be rigidly con-
structed of steel or equivalent material 
with a mass of 100 kg (220.5 lbm). For 
work-positioning equipment used by 
employees weighing more than 140 kg 

(310 lbm) fully equipped, the test mass 
shall be increased proportionately 
(that is, the test mass must equal the 
mass of the equipped worker divided by 
1.4). 

(2) For body belts, the body belt shall 
be fitted snugly around the test mass 
and shall be attached to the test-struc-
ture anchorage point by means of a 
wire rope. 

(3) For positioning straps, the strap 
shall be adjusted to its shortest length 
possible to accommodate the test and 
connected to the test-structure anchor-
age point at one end and to the test 
mass on the other end. 

(4) The test mass shall be dropped an 
unobstructed distance of 1 meter (39.4 
inches) from a supporting structure 
that will sustain minimal deflection 
during the test. 

(5) Body belts shall successfully ar-
rest the fall of the test mass and shall 
be capable of supporting the mass after 
the test. 

(6) Positioning straps shall success-
fully arrest the fall of the test mass 
without breaking, and the arrest force 
may not exceed 17.8 kilonewtons (4,000 
pounds-force). Additionally, snaphooks 
on positioning straps may not distort 
to such an extent that the keeper 
would release. 

NOTE TO PARAGRAPH (g)(2)(iii) OF THIS SEC-
TION: When used by employees weighing no 
more than 140 kg (310 lbm) fully equipped, 
body belts and positioning straps that con-
form to American Society of Testing and 
Materials Standard Specifications for Personal 
Climbing Equipment, ASTM F887–12e1, are 
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deemed to be in compliance with paragraph 
(g)(2)(iii) of this section. 

(iv) The following requirements 
apply to the care and use of personal 
fall protection equipment. 

(A) Work-positioning equipment 
shall be inspected before use each day 
to determine that the equipment is in 
safe working condition. Work-posi-
tioning equipment that is not in safe 
working condition may not be used. 

NOTE TO PARAGRAPH (g)(2)(iv)(A): Appendix 
F to this section contains guidelines for in-
specting work-positioning equipment. 

(B) Personal fall arrest systems shall 
be used in accordance with subpart I of 
this part. 

NOTE TO PARAGRAPH (g)(2)(iv)(B): Fall pro-
tection equipment rigged to arrest falls is 
considered a fall arrest system and must 
meet the applicable requirements for the de-
sign and use of those systems. Fall protec-
tion equipment rigged for work positioning 
is considered work-positioning equipment 
and must meet the applicable requirements 
for the design and use of that equipment. 

(C) The employer shall ensure that 
employees use fall protection systems 
as follows: 

(1) Each employee working from an 
aerial lift shall use a travel restraint 
system or a personal fall arrest system. 

(2) Except as provided in paragraph 
(g)(2)(iv)(C)(3) of this section, each em-
ployee in elevated locations more than 
1.2 meters (4 feet) above the ground on 
poles, towers, or similar structures 
shall use a personal fall arrest system, 
work-positioning equipment, or fall re-
straint system, as appropriate, if the 
employer has not provided other fall 
protection meeting Subpart D of this 
part. 

(3) Until March 31, 2015, a qualified 
employee climbing or changing loca-
tion on poles, towers, or similar struc-
tures need not use fall protection 
equipment, unless conditions, such as, 
but not limited to, ice, high winds, the 
design of the structure (for example, no 
provision for holding on with hands), or 
the presence of contaminants on the 
structure, could cause the employee to 
lose his or her grip or footing. On and 
after April 1, 2015, each qualified em-
ployee climbing or changing location 
on poles, towers, or similar structures 
must use fall protection equipment un-

less the employer can demonstrate 
that climbing or changing location 
with fall protection is infeasible or cre-
ates a greater hazard than climbing or 
changing location without it. 

NOTE 1 TO PARAGRAPHS (g)(2)(iv)(C)(2) AND 
(g)(2)(iv)(C)(3): These paragraphs apply to 
structures that support overhead electric 
power transmission and distribution lines 
and equipment. They do not apply to por-
tions of buildings, such as loading docks, or 
to electric equipment, such as transformers 
and capacitors. Subpart D of this part con-
tains the duty to provide fall protection as-
sociated with walking and working surfaces. 

NOTE 2 TO PARAGRAPHS (g)(2)(iv)(C)(2) AND 
(g)(2)(iv)(C)(3): Until the employer ensures 
that employees are proficient in climbing 
and the use of fall protection under para-
graph (a)(2)(viii) of this section, the employ-
ees are not considered ‘‘qualified employees’’ 
for the purposes of paragraphs (g)(2)(iv)(C)(2) 
and (g)(2)(iv)(C)(3) of this section. These 
paragraphs require unqualified employees 
(including trainees) to use fall protection 
any time they are more than 1.2 meters (4 
feet) above the ground. 

(D) On and after April 1, 2015, work- 
positioning systems shall be rigged so 
that an employee can free fall no more 
than 0.6 meters (2 feet). 

(E) Anchorages for work-positioning 
equipment shall be capable of sup-
porting at least twice the potential im-
pact load of an employee’s fall, or 13.3 
kilonewtons (3,000 pounds-force), 
whichever is greater. 

NOTE TO PARAGRAPH (g)(2)(iv)(E): Wood- 
pole fall-restriction devices meeting Amer-
ican Society of Testing and Materials Stand-
ard Specifications for Personal Climbing Equip-
ment, ASTM F887–12e1, are deemed to meet 
the anchorage-strength requirement when 
they are used in accordance with manufac-
turers’ instructions. 

(F) Unless the snaphook is a locking 
type and designed specifically for the 
following connections, snaphooks on 
work-positioning equipment may not 
be engaged: 

(1) Directly to webbing, rope, or wire 
rope; 

(2) To each other; 
(3) To a D ring to which another 

snaphook or other connector is at-
tached; 

(4) To a horizontal lifeline; or 
(5) To any object that is incom-

patibly shaped or dimensioned in rela-
tion to the snaphook such that acci-
dental disengagement could occur 
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should the connected object suffi-
ciently depress the snaphook keeper to 
allow release of the object. 

(h) Portable ladders and platforms—(1) 
General. Requirements for portable lad-
ders contained in subpart D of this part 
apply in addition to the requirements 
of paragraph (h) of this section, except 
as specifically noted in paragraph (h)(2) 
of this section. 

(2) Special ladders and platforms. Port-
able ladders used on structures or con-
ductors in conjunction with overhead 
line work need not meet § 1910.23(c)(4) 
and (9). Portable ladders and platforms 
used on structures or conductors in 
conjunction with overhead line work 
shall meet the following requirements: 

(i) In the configurations in which 
they are used, portable ladders and 
platforms shall be capable of sup-
porting without failure at least 2.5 
times the maximum intended load. 

(ii) Portable ladders and platforms 
may not be loaded in excess of the 
working loads for which they are de-
signed. 

(iii) Portable ladders and platforms 
shall be secured to prevent them from 
becoming dislodged. 

(iv) Portable ladders and platforms 
may be used only in applications for 
which they are designed. 

(3) Conductive ladders. Portable metal 
ladders and other portable conductive 
ladders may not be used near exposed 
energized lines or equipment. However, 
in specialized high-voltage work, con-
ductive ladders shall be used when the 
employer demonstrates that non-
conductive ladders would present a 
greater hazard to employees than con-
ductive ladders. 

(i) Hand and portable power equip-
ment—(1) General. Paragraph (i)(2) of 
this section applies to electric equip-
ment connected by cord and plug. 
Paragraph (i)(3) of this section applies 
to portable and vehicle-mounted gen-
erators used to supply cord- and plug- 
connected equipment. Paragraph (i)(4) 
of this section applies to hydraulic and 
pneumatic tools. 

(2) Cord- and plug-connected equip-
ment. Cord- and plug-connected equip-
ment not covered by subpart S of this 
part shall comply with one of the fol-
lowing instead of § 1910.243(a)(5): 

(i) The equipment shall be equipped 
with a cord containing an equipment 
grounding conductor connected to the 
equipment frame and to a means for 
grounding the other end of the con-
ductor (however, this option may not 
be used where the introduction of the 
ground into the work environment in-
creases the hazard to an employee); or 

(ii) The equipment shall be of the 
double-insulated type conforming to 
subpart S of this part; or 

(iii) The equipment shall be con-
nected to the power supply through an 
isolating transformer with an 
ungrounded secondary of not more 
than 50 volts. 

(3) Portable and vehicle-mounted gen-
erators. Portable and vehicle-mounted 
generators used to supply cord- and 
plug-connected equipment covered by 
paragraph (i)(2) of this section shall 
meet the following requirements: 

(i) The generator may only supply 
equipment located on the generator or 
the vehicle and cord- and plug-con-
nected equipment through receptacles 
mounted on the generator or the vehi-
cle. 

(ii) The non-current-carrying metal 
parts of equipment and the equipment 
grounding conductor terminals of the 
receptacles shall be bonded to the gen-
erator frame. 

(iii) For vehicle-mounted generators, 
the frame of the generator shall be 
bonded to the vehicle frame. 

(iv) Any neutral conductor shall be 
bonded to the generator frame. 

(4) Hydraulic and pneumatic tools. (i) 
Safe operating pressures for hydraulic 
and pneumatic tools, hoses, valves, 
pipes, filters, and fittings may not be 
exceeded. 

NOTE TO PARAGRAPH (i)(4)(i): If any haz-
ardous defects are present, no operating 
pressure is safe, and the hydraulic or pneu-
matic equipment involved may not be used. 
In the absence of defects, the maximum 
rated operating pressure is the maximum 
safe pressure. 

(ii) A hydraulic or pneumatic tool 
used where it may contact exposed en-
ergized parts shall be designed and 
maintained for such use. 

(iii) The hydraulic system supplying 
a hydraulic tool used where it may 
contact exposed live parts shall provide 
protection against loss of insulating 
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value, for the voltage involved, due to 
the formation of a partial vacuum in 
the hydraulic line. 

NOTE TO PARAGRAPH (i)(4)(iii): Use of hy-
draulic lines that do not have check valves 
and that have a separation of more than 10.7 
meters (35 feet) between the oil reservoir and 
the upper end of the hydraulic system pro-
motes the formation of a partial vacuum. 

(iv) A pneumatic tool used on ener-
gized electric lines or equipment, or 
used where it may contact exposed live 
parts, shall provide protection against 
the accumulation of moisture in the 
air supply. 

(v) Pressure shall be released before 
connections are broken, unless quick- 
acting, self-closing connectors are 
used. 

(vi) Employers must ensure that em-
ployees do not use any part of their 
bodies to locate, or attempt to stop, a 
hydraulic leak. 

(vii) Hoses may not be kinked. 
(j) Live-line tools—(1) Design of tools. 

Live-line tool rods, tubes, and poles 
shall be designed and constructed to 
withstand the following minimum 
tests: 

(i) If the tool is made of fiberglass-re-
inforced plastic (FRP), it shall with-
stand 328,100 volts per meter (100,000 
volts per foot) of length for 5 minutes, 
or 

NOTE TO PARAGRAPH (j)(1)(i): Live-line tools 
using rod and tube that meet ASTM F711–02 
(2007), Standard Specification for Fiberglass-Re-
inforced Plastic (FRP) Rod and Tube Used in 
Live Line Tools, are deemed to comply with 
paragraph (j)(1) of this section. 

(ii) If the tool is made of wood, it 
shall withstand 246,100 volts per meter 
(75,000 volts per foot) of length for 3 
minutes, or 

(iii) The tool shall withstand other 
tests that the employer can dem-
onstrate are equivalent. 

(2) Condition of tools. (i) Each live-line 
tool shall be wiped clean and visually 
inspected for defects before use each 
day. 

(ii) If any defect or contamination 
that could adversely affect the insu-
lating qualities or mechanical integ-
rity of the live-line tool is present after 
wiping, the tool shall be removed from 
service and examined and tested ac-
cording to paragraph (j)(2)(iii) of this 

section before being returned to serv-
ice. 

(iii) Live-line tools used for primary 
employee protection shall be removed 
from service every 2 years, and when-
ever required under paragraph (j)(2)(ii) 
of this section, for examination, clean-
ing, repair, and testing as follows: 

(A) Each tool shall be thoroughly ex-
amined for defects. 

(B) If a defect or contamination that 
could adversely affect the insulating 
qualities or mechanical integrity of 
the live-line tool is found, the tool 
shall be repaired and refinished or shall 
be permanently removed from service. 
If no such defect or contamination is 
found, the tool shall be cleaned and 
waxed. 

(C) The tool shall be tested in accord-
ance with paragraphs (j)(2)(iii)(D) and 
(j)(2)(iii)(E) of this section under the 
following conditions: 

(1) After the tool has been repaired or 
refinished; and 

(2) After the examination if repair or 
refinishing is not performed, unless the 
tool is made of FRP rod or foam-filled 
FRP tube and the employer can dem-
onstrate that the tool has no defects 
that could cause it to fail during use. 

(D) The test method used shall be de-
signed to verify the tool’s integrity 
along its entire working length and, if 
the tool is made of fiberglass-rein-
forced plastic, its integrity under wet 
conditions. 

(E) The voltage applied during the 
tests shall be as follows: 

(1) 246,100 volts per meter (75,000 volts 
per foot) of length for 1 minute if the 
tool is made of fiberglass, or 

(2) 164,000 volts per meter (50,000 volts 
per foot) of length for 1 minute if the 
tool is made of wood, or 

(3) Other tests that the employer can 
demonstrate are equivalent. 

NOTE TO PARAGRAPH (j)(2): Guidelines for 
the examination, cleaning, repairing, and in- 
service testing of live-line tools are specified 
in the Institute of Electrical and Electronics 
Engineers’ IEEE Guide for Maintenance Meth-
ods on Energized Power Lines, IEEE Std 516– 
2009. 
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(k) Materials handling and storage—(1) 
General. Materials handling and stor-
age shall comply with applicable mate-
rial-handling and material-storage re-
quirements in this part, including 
those in subpart N of this part. 

(2) Materials storage near energized 
lines or equipment. (i) In areas to which 
access is not restricted to qualified 
persons only, materials or equipment 
may not be stored closer to energized 
lines or exposed energized parts of 
equipment than the following dis-
tances, plus a distance that provides 
for the maximum sag and side swing of 
all conductors and for the height and 
movement of material-handling equip-
ment: 

(A) For lines and equipment ener-
gized at 50 kilovolts or less, the dis-
tance is 3.05 meters (10 feet). 

(B) For lines and equipment ener-
gized at more than 50 kilovolts, the dis-
tance is 3.05 meters (10 feet) plus 0.10 
meter (4 inches) for every 10 kilovolts 
over 50 kilovolts. 

(ii) In areas restricted to qualified 
employees, materials may not be 
stored within the working space about 
energized lines or equipment. 

NOTE TO PARAGRAPH (k)(2)(ii): Paragraphs 
(u)(1) and (v)(3) of this section specify the 
size of the working space. 

(l) Working on or near exposed ener-
gized parts. This paragraph applies to 
work on exposed live parts, or near 
enough to them to expose the employee 
to any hazard they present. 

(1) General. (i) Only qualified employ-
ees may work on or with exposed ener-
gized lines or parts of equipment. 

(ii) Only qualified employees may 
work in areas containing unguarded, 
uninsulated energized lines or parts of 
equipment operating at 50 volts or 
more. 

(iii) Electric lines and equipment 
shall be considered and treated as ener-
gized unless they have been deener-
gized in accordance with paragraph (d) 
or (m) of this section. 

(2) At least two employees. (i) Except 
as provided in paragraph (l)(2)(ii) of 
this section, at least two employees 
shall be present while any employees 
perform the following types of work: 

(A) Installation, removal, or repair of 
lines energized at more than 600 volts, 

(B) Installation, removal, or repair of 
deenergized lines if an employee is ex-
posed to contact with other parts ener-
gized at more than 600 volts, 

(C) Installation, removal, or repair of 
equipment, such as transformers, ca-
pacitors, and regulators, if an em-
ployee is exposed to contact with parts 
energized at more than 600 volts, 

(D) Work involving the use of me-
chanical equipment, other than insu-
lated aerial lifts, near parts energized 
at more than 600 volts, and 

(E) Other work that exposes an em-
ployee to electrical hazards greater 
than, or equal to, the electrical hazards 
posed by operations listed specifically 
in paragraphs (l)(2)(i)(A) through 
(l)(2)(i)(D) of this section. 

(ii) Paragraph (l)(2)(i) of this section 
does not apply to the following oper-
ations: 

(A) Routine circuit switching, when 
the employer can demonstrate that 
conditions at the site allow safe per-
formance of this work, 

(B) Work performed with live-line 
tools when the position of the em-
ployee is such that he or she is neither 
within reach of, nor otherwise exposed 
to contact with, energized parts, and 

(C) Emergency repairs to the extent 
necessary to safeguard the general pub-
lic. 

(3) Minimum approach distances. (i) 
The employer shall establish minimum 
approach distances no less than the 
distances computed by Table R–3 for ac 
systems or Table R–8 for dc systems. 

(ii) No later than April 1, 2015, for 
voltages over 72.5 kilovolts, the em-
ployer shall determine the maximum 
anticipated per-unit transient over-
voltage, phase-to-ground, through an 
engineering analysis or assume a max-
imum anticipated per-unit transient 
overvoltage, phase-to-ground, in ac-
cordance with Table R–9. When the em-
ployer uses portable protective gaps to 
control the maximum transient over-
voltage, the value of the maximum an-
ticipated per-unit transient over-
voltage, phase-to-ground, must provide 
for five standard deviations between 
the statistical sparkover voltage of the 
gap and the statistical withstand volt-
age corresponding to the electrical 
component of the minimum approach 
distance. The employer shall make any 
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engineering analysis conducted to de-
termine maximum anticipated per-unit 
transient overvoltage available upon 
request to employees and to the Assist-
ant Secretary or designee for examina-
tion and copying. 

NOTE TO PARAGRAPH (l)(3)(ii): See appendix 
B to this section for information on how to 
calculate the maximum anticipated per-unit 
transient overvoltage, phase-to-ground, 
when the employer uses portable protective 
gaps to reduce maximum transient 
overvoltages. 

(iii) The employer shall ensure that 
no employee approaches or takes any 
conductive object closer to exposed en-
ergized parts than the employer’s es-
tablished minimum approach distance, 
unless: 

(A) The employee is insulated from 
the energized part (rubber insulating 
gloves or rubber insulating gloves and 
sleeves worn in accordance with para-
graph (l)(4) of this section constitutes 
insulation of the employee from the 
energized part upon which the em-
ployee is working provided that the 
employee has control of the part in a 
manner sufficient to prevent exposure 
to uninsulated portions of the employ-
ee’s body), or 

(B) The energized part is insulated 
from the employee and from any other 
conductive object at a different poten-
tial, or 

(C) The employee is insulated from 
any other exposed conductive object in 
accordance with the requirements for 
live-line barehand work in paragraph 
(q)(3) of this section. 

(4) Type of insulation. (i) When an em-
ployee uses rubber insulating gloves as 
insulation from energized parts (under 
paragraph (l)(3)(iii)(A) of this section), 
the employer shall ensure that the em-
ployee also uses rubber insulating 
sleeves. However, an employee need not 
use rubber insulating sleeves if: 

(A) Exposed energized parts on which 
the employee is not working are insu-
lated from the employee; and 

(B) When installing insulation for 
purposes of paragraph (l)(4)(i)(A) of this 
section, the employee installs the insu-
lation from a position that does not ex-
pose his or her upper arm to contact 
with other energized parts. 

(ii) When an employee uses rubber in-
sulating gloves or rubber insulating 

gloves and sleeves as insulation from 
energized parts (under paragraph 
(l)(3)(iii)(A) of this section), the em-
ployer shall ensure that the employee: 

(A) Puts on the rubber insulating 
gloves and sleeves in a position where 
he or she cannot reach into the min-
imum approach distance, established 
by the employer under paragraph 
(l)(3)(i) of this section; and 

(B) Does not remove the rubber insu-
lating gloves and sleeves until he or 
she is in a position where he or she 
cannot reach into the minimum ap-
proach distance, established by the em-
ployer under paragraph (l)(3)(i) of this 
section. 

(5) Working position. (i) The employer 
shall ensure that each employee, to the 
extent that other safety-related condi-
tions at the worksite permit, works in 
a position from which a slip or shock 
will not bring the employee’s body into 
contact with exposed, uninsulated 
parts energized at a potential different 
from the employee’s. 

(ii) When an employee performs work 
near exposed parts energized at more 
than 600 volts, but not more than 72.5 
kilovolts, and is not wearing rubber in-
sulating gloves, being protected by in-
sulating equipment covering the ener-
gized parts, performing work using 
live-line tools, or performing live-line 
barehand work under paragraph (q)(3) 
of this section, the employee shall 
work from a position where he or she 
cannot reach into the minimum ap-
proach distance, established by the em-
ployer under paragraph (l)(3)(i) of this 
section. 

(6) Making connections. The employer 
shall ensure that employees make con-
nections as follows: 

(i) In connecting deenergized equip-
ment or lines to an energized circuit by 
means of a conducting wire or device, 
an employee shall first attach the wire 
to the deenergized part; 

(ii) When disconnecting equipment or 
lines from an energized circuit by 
means of a conducting wire or device, 
an employee shall remove the source 
end first; and 

(iii) When lines or equipment are 
connected to or disconnected from en-
ergized circuits, an employee shall 
keep loose conductors away from ex-
posed energized parts. 
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(7) Conductive articles. When an em-
ployee performs work within reaching 
distance of exposed energized parts of 
equipment, the employer shall ensure 
that the employee removes or renders 
nonconductive all exposed conductive 
articles, such as keychains or watch 
chains, rings, or wrist watches or 
bands, unless such articles do not in-
crease the hazards associated with con-
tact with the energized parts. 

(8) Protection from flames and electric 
arcs. (i) The employer shall assess the 
workplace to identify employees ex-
posed to hazards from flames or from 
electric arcs. 

(ii) For each employee exposed to 
hazards from electric arcs, the em-
ployer shall make a reasonable esti-
mate of the incident heat energy to 
which the employee would be exposed. 

NOTE 1 TO PARAGRAPH (l)(8)(ii): Appendix E 
to this section provides guidance on esti-
mating available heat energy. The Occupa-
tional Safety and Health Administration will 
deem employers following the guidance in 
appendix E to this section to be in compli-
ance with paragraph (l)(8)(ii) of this section. 
An employer may choose a method of calcu-
lating incident heat energy not included in 
appendix E to this section if the chosen 
method reasonably predicts the incident en-
ergy to which the employee would be ex-
posed. 

NOTE 2 TO PARAGRAPH (l)(8)(ii): This para-
graph does not require the employer to esti-
mate the incident heat energy exposure for 
every job task performed by each employee. 
The employer may make broad estimates 
that cover multiple system areas provided 
the employer uses reasonable assumptions 
about the energy-exposure distribution 
throughout the system and provided the esti-
mates represent the maximum employee ex-
posure for those areas. For example, the em-
ployer could estimate the heat energy just 
outside a substation feeding a radial dis-
tribution system and use that estimate for 
all jobs performed on that radial system. 

(iii) The employer shall ensure that 
each employee who is exposed to haz-
ards from flames or electric arcs does 
not wear clothing that could melt onto 
his or her skin or that could ignite and 
continue to burn when exposed to 
flames or the heat energy estimated 
under paragraph (l)(8)(ii) of this sec-
tion. 

NOTE TO PARAGRAPH (l)(8)(iii) OF THIS SEC-
TION: This paragraph prohibits clothing made 
from acetate, nylon, polyester, rayon and 

polypropylene, either alone or in blends, un-
less the employer demonstrates that the fab-
ric has been treated to withstand the condi-
tions that may be encountered by the em-
ployee or that the employee wears the cloth-
ing in such a manner as to eliminate the haz-
ard involved. 

(iv) The employer shall ensure that 
the outer layer of clothing worn by an 
employee, except for clothing not re-
quired to be arc rated under paragraphs 
(l)(8)(v)(A) through (l)(8)(v)(E) of this 
section, is flame resistant under any of 
the following conditions: 

(A) The employee is exposed to con-
tact with energized circuit parts oper-
ating at more than 600 volts, 

(B) An electric arc could ignite flam-
mable material in the work area that, 
in turn, could ignite the employee’s 
clothing, 

(C) Molten metal or electric arcs 
from faulted conductors in the work 
area could ignite the employee’s cloth-
ing, or 

NOTE TO PARAGRAPH (l)(8)(iv)(C): This para-
graph does not apply to conductors that are 
capable of carrying, without failure, the 
maximum available fault current for the 
time the circuit protective devices take to 
interrupt the fault. 

(D) The incident heat energy esti-
mated under paragraph (l)(8)(ii) of this 
section exceeds 2.0 cal/cm2. 

(v) The employer shall ensure that 
each employee exposed to hazards from 
electric arcs wears protective clothing 
and other protective equipment with 
an arc rating greater than or equal to 
the heat energy estimated under para-
graph (l)(8)(ii) of this section whenever 
that estimate exceeds 2.0 cal/cm2. This 
protective equipment shall cover the 
employee’s entire body, except as fol-
lows: 

(A) Arc-rated protection is not nec-
essary for the employee’s hands when 
the employee is wearing rubber insu-
lating gloves with protectors or, if the 
estimated incident energy is no more 
than 14 cal/cm2, heavy-duty leather 
work gloves with a weight of at least 
407 gm/m2 (12 oz/yd2), 

(B) Arc-rated protection is not nec-
essary for the employee’s feet when the 
employee is wearing heavy-duty work 
shoes or boots, 

(C) Arc-rated protection is not nec-
essary for the employee’s head when 
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the employee is wearing head protec-
tion meeting § 1910.135 if the estimated 
incident energy is less than 9 cal/cm2 
for exposures involving single-phase 
arcs in open air or 5 cal/cm2 for other 
exposures, 

(D) The protection for the employee’s 
head may consist of head protection 
meeting § 1910.135 and a faceshield with 
a minimum arc rating of 8 cal/cm2 if 
the estimated incident-energy exposure 
is less than 13 cal/cm2 for exposures in-
volving single-phase arcs in open air or 
9 cal/cm2 for other exposures, and 

(E) For exposures involving single- 
phase arcs in open air, the arc rating 
for the employee’s head and face pro-
tection may be 4 cal/cm2 less than the 
estimated incident energy. 

NOTE TO PARAGRAPH (l)(8): See appendix E 
to this section for further information on the 
selection of appropriate protection. 

(vi) Dates. (A) The obligation in para-
graph (l)(8)(ii) of this section for the 
employer to make reasonable esti-
mates of incident energy commences 
January 1, 2015. 

(B) The obligation in paragraph 
(l)(8)(iv)(D) of this section for the em-
ployer to ensure that the outer layer of 
clothing worn by an employee is flame- 
resistant when the estimated incident 
heat energy exceeds 2.0 cal/cm2 com-
mences April 1, 2015. 

(C) The obligation in paragraph 
(l)(8)(v) of this section for the employer 
to ensure that each employee exposed 
to hazards from electric arcs wears the 
required arc-rated protective equip-
ment commences April 1, 2015. 

(9) Fuse handling. When an employee 
must install or remove fuses with one 

or both terminals energized at more 
than 300 volts, or with exposed parts 
energized at more than 50 volts, the 
employer shall ensure that the em-
ployee uses tools or gloves rated for 
the voltage. When an employee installs 
or removes expulsion-type fuses with 
one or both terminals energized at 
more than 300 volts, the employer shall 
ensure that the employee wears eye 
protection meeting the requirements of 
subpart I of this part, uses a tool rated 
for the voltage, and is clear of the ex-
haust path of the fuse barrel. 

(10) Covered (noninsulated) conductors. 
The requirements of this section that 
pertain to the hazards of exposed live 
parts also apply when an employee per-
forms work in proximity to covered 
(noninsulated) wires. 

(11) Non-current-carrying metal parts. 
Non-current-carrying metal parts of 
equipment or devices, such as trans-
former cases and circuit-breaker 
housings, shall be treated as energized 
at the highest voltage to which these 
parts are exposed, unless the employer 
inspects the installation and deter-
mines that these parts are grounded 
before employees begin performing the 
work. 

(12) Opening and closing circuits under 
load. (i) The employer shall ensure that 
devices used by employees to open cir-
cuits under load conditions are de-
signed to interrupt the current in-
volved. 

(ii) The employer shall ensure that 
devices used by employees to close cir-
cuits under load conditions are de-
signed to safely carry the current in-
volved. 

TABLE R–3—AC LIVE-LINE WORK MINIMUM APPROACH DISTANCE 
[The minimum approach distance (MAD; in meters) shall conform to the following equations.] 

For phase-to-phase system voltages of 50 V to 300 V: 1 
MAD = avoid contact 

For phase-to-phase system voltages of 301 V to 5 kV: 1 
MAD = M + D, where 

D = 0.02 m ......................... the electrical component of the minimum approach distance. 
M = 0.31 m for voltages up 

to 750 V and 0.61 m oth-
erwise.

the inadvertent movement factor. 

For phase-to-phase system voltages of 5.1 kV to 72.5 kV: 1 4

MAD = M + AD, where 
M = 0.61 m ........................ the inadvertent movement factor. 
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TABLE R–3—AC LIVE-LINE WORK MINIMUM APPROACH DISTANCE—Continued 
[The minimum approach distance (MAD; in meters) shall conform to the following equations.] 

A = the applicable value 
from Table R–5.

the altitude correction factor. 

D = the value from Table 
R–4 corresponding to the 
voltage and exposure or 
the value of the electrical 
component of the min-
imum approach distance 
calculated using the 
method provided in ap-
pendix B to this section.

the electrical component of the minimum approach distance. 

For phase-to-phase system voltages of more than 72.5 kV, nominal: 2 4 
MAD = 0.3048(C + a)VL–GTA + M 

C = 0.01 for phase-to-ground exposures that the employer can demonstrate consist only of air 
across the approach distance (gap), 

0.01 for phase-to-phase exposures if the employer can demonstrate that no insulated tool 
spans the gap and that no large conductive object is in the gap, or 

0.011 otherwise 
VL-G = phase-to-ground rms voltage, in kV 
T = maximum anticipated per-unit transient overvoltage; for phase-to-ground exposures, T equals 

TL-G, the maximum per-unit transient overvoltage, phase-to-ground, determined by the employer 
under paragraph (l)(3)(ii) of this section; for phase-to-phase exposures, T equals 1.35TL-G + 0.45 

A = altitude correction factor from Table R–5 
M = 0.31 m, the inadvertent movement factor 
a = saturation factor, as follows: 

Phase-to-Ground Exposures 

VPeak = 
TL-GVL-G√2 ...... 635 kV or less 635.1 to 915 kV 915.1 to 1,050 

kV 
More than 1,050 kV 

a ......................... 0 (VPeak-635)/ 
140,000 

(VPeak-645)/ 
135,000 

(VPeak-675)/125,000 

Phase-to-Phase Exposures 3 

VPeak = (1.35TL-G 
+ 0.45)VL-G√2 630 kV or less 630.1 to 848 kV 848.1 to 1,131 

kV 
1,131.1 to 
1,485 kV 

More than 
1,485 kV 

a ......................... 0 (VPeak-630)/ 
155,000 

(VPeak-633.6)/ 
152,207 

(VPeak-628)/ 
153,846 

(VPeak-350.5)/ 
203,666 

1 Employers may use the minimum approach distances in Table R–6. If the worksite is at an elevation of more than 900 me-
ters (3,000 feet), see footnote 1 to Table R–6. 

2 Employers may use the minimum approach distances in Table R–7, except that the employer may not use the minimum 
approach distances in Table R–7 for phase-to-phase exposures if an insulated tool spans the gap or if any large conductive 
object is in the gap. If the worksite is at an elevation of more than 900 meters (3,000 feet), see footnote 1 to Table R–7. Em-
ployers may use the minimum approach distances in Table 14 through Table 21 in appendix B to this section, which cal-
culated MAD for various values of T, provided the employer follows the notes to those tables. 

3 Use the equations for phase-to-ground exposures (with VPeak for phase-to-phase exposures) unless the employer can dem-
onstrate that no insulated tool spans the gap and that no large conductive object is in the gap. 

4 Until March 31, 2015, employers may use the minimum approach distances in Table 6 through Table 13 in Appendix B to 
this section. 

TABLE R–4—ELECTRICAL COMPONENT OF THE MINIMUM APPROACH DISTANCE AT 5.1 TO 72.5 KV 
[D; In meters] 

Nominal voltage (kV) 
phase-to-phase 

Phase-to-ground exposure Phase-to-phase exposure 

D (m) D (m) 

5.1 to 15.0 ..................................................................................... 0.04 0.07 
15.1 to 36.0 ................................................................................... 0.16 0.28 
36.1 to 46.0 ................................................................................... 0.23 0.37 
46.1 to 72.5 ................................................................................... 0.39 0.59 
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TABLE R–5—ALTITUDE CORRECTION FACTOR 

Altitude above sea level 
(m) A 

0 to 900 ............................................................................................................................................. 1.00 
901 to 1,200 ...................................................................................................................................... 1.02 
1,201 to 1,500 ................................................................................................................................... 1.05 
1,501 to 1,800 ................................................................................................................................... 1.08 
1,801 to 2,100 ................................................................................................................................... 1.11 
2,101 to 2,400 ................................................................................................................................... 1.14 
2,401 to 2,700 ................................................................................................................................... 1.17 
2,701 to 3,000 ................................................................................................................................... 1.20 
3,001 to 3,600 ................................................................................................................................... 1.25 
3,601 to 4,200 ................................................................................................................................... 1.30 
4,201 to 4,800 ................................................................................................................................... 1.35 
4,801 to 5,400 ................................................................................................................................... 1.39 
5,401 to 6,000 ................................................................................................................................... 1.44 

TABLE R–6—ALTERNATIVE MINIMUM APPROACH DISTANCES FOR VOLTAGES OF 72.5 KV AND LESS 1 

Nominal voltage (kV) 
phase-to-phase 

Distance 

Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

0.050 to 0.300 2 ..................................................................... Avoid Contact Avoid Contact 

0.301 to 0.750 2 ..................................................................... 0.33 1.09 0.33 1.09 
0.751 to 5.0 ........................................................................... 0.63 2.07 0.63 2.07 
5.1 to 15.0 ............................................................................. 0.65 2.14 0.68 2.24 
15.1 to 36.0 ........................................................................... 0.77 2.53 0.89 2.92 
36.1 to 46.0 ........................................................................... 0.84 2.76 0.98 3.22 
46.1 to 72.5 ........................................................................... 1.00 3.29 1.20 3.94 

1 Employers may use the minimum approach distances in this table provided the worksite is at an elevation of 900 meters 
(3,000 feet) or less. If employees will be working at elevations greater than 900 meters (3,000 feet) above mean sea level, the 
employer shall determine minimum approach distances by multiplying the distances in this table by the correction factor in Table 
R–5 corresponding to the altitude of the work. 

2 For single-phase systems, use voltage-to-ground. 

TABLE R–7—ALTERNATIVE MINIMUM APPROACH DISTANCES FOR VOLTAGES OF MORE THAN 72.5 
KV1 2 3 

Voltage range phase to phase (kV) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

72.6 to 121.0 ......................................................................... 1.13 3.71 1.42 4.66 
121.1 to 145.0 ....................................................................... 1.30 4.27 1.64 5.38 
145.1 to 169.0 ....................................................................... 1.46 4.79 1.94 6.36 
169.1 to 242.0 ....................................................................... 2.01 6.59 3.08 10.10 
242.1 to 362.0 ....................................................................... 3.41 11.19 5.52 18.11 
362.1 to 420.0 ....................................................................... 4.25 13.94 6.81 22.34 
420.1 to 550.0 ....................................................................... 5.07 16.63 8.24 27.03 
550.1 to 800.0 ....................................................................... 6.88 22.57 11.38 37.34 

1 Employers may use the minimum approach distances in this table provided the worksite is at an elevation of 900 meters 
(3,000 feet) or less. If employees will be working at elevations greater than 900 meters (3,000 feet) above mean sea level, the 
employer shall determine minimum approach distances by multiplying the distances in this table by the correction factor in Table 
R–5 corresponding to the altitude of the work. 

2 Employers may use the phase-to-phase minimum approach distances in this table provided that no insulated tool spans the 
gap and no large conductive object is in the gap. 

3 The clear live-line tool distance shall equal or exceed the values for the indicated voltage ranges. 

TABLE R–8—DC LIVE-LINE MINIMUM APPROACH DISTANCE WITH OVERVOLTAGE FACTOR 1 
[In meters] 

Maximum anticipated per-unit 
transient overvoltage 

Distance (m) 
maximum line-to-ground voltage (kV) 

250 400 500 600 750 

1.5 or less ................................................. 1.12 1.60 2.06 2.62 3.61 
1.6 ............................................................. 1.17 1.69 2.24 2.86 3.98 
1.7 ............................................................. 1.23 1.82 2.42 3.12 4.37 
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TABLE R–8—DC LIVE-LINE MINIMUM APPROACH DISTANCE WITH OVERVOLTAGE FACTOR 1— 
Continued 

[In meters] 

Maximum anticipated per-unit 
transient overvoltage 

Distance (m) 
maximum line-to-ground voltage (kV) 

250 400 500 600 750 

1.8 ............................................................. 1.28 1.95 2.62 3.39 4.79 

1 The distances specified in this table are for air, bare-hand, and live-line tool conditions. If employees will be working at ele-
vations greater than 900 meters (3,000 feet) above mean sea level, the employer shall determine minimum approach distances 
by multiplying the distances in this table by the correction factor in Table R–5 corresponding to the altitude of the work. 

TABLE R–9—ASSUMED MAXIMUM PER-UNIT TRANSIENT OVERVOLTAGE 

Voltage range 
(kV) 

Type of current 
(ac or dc) 

Assumed 
maximum per-unit 

transient 
overvoltage 

72.6 to 420.0 ..................................................................................................................... ac 3.5 
420.1 to 550.0 ................................................................................................................... ac 3.0 
550.1 to 800.0 ................................................................................................................... ac 2.5 
250 to 750 ......................................................................................................................... dc 1.8 

(m) Deenergizing lines and equipment 
for employee protection—(1) Application. 
Paragraph (m) of this section applies to 
the deenergizing of transmission and 
distribution lines and equipment for 
the purpose of protecting employees. 
See paragraph (d) of this section for re-
quirements on the control of hazardous 
energy sources used in the generation 
of electric energy. Conductors and 
parts of electric equipment that have 
been deenergized under procedures 
other than those required by paragraph 
(d) or (m) of this section, as applicable, 
shall be treated as energized. 

(2) General. (i) If a system operator is 
in charge of the lines or equipment and 
their means of disconnection, the em-
ployer shall designate one employee in 
the crew to be in charge of the clear-
ance and shall comply with all of the 
requirements of paragraph (m)(3) of 
this section in the order specified. 

(ii) If no system operator is in charge 
of the lines or equipment and their 
means of disconnection, the employer 
shall designate one employee in the 
crew to be in charge of the clearance 
and to perform the functions that the 
system operator would otherwise per-
form under paragraph (m) of this sec-
tion. All of the requirements of para-
graph (m)(3) of this section apply, in 
the order specified, except as provided 
in paragraph (m)(2)(iii) of this section. 

(iii) If only one crew will be working 
on the lines or equipment and if the 

means of disconnection is accessible 
and visible to, and under the sole con-
trol of, the employee in charge of the 
clearance, paragraphs (m)(3)(i), 
(m)(3)(iii), and (m)(3)(v) of this section 
do not apply. Additionally, the em-
ployer does not need to use the tags re-
quired by the remaining provisions of 
paragraph (m)(3) of this section. 

(iv) If two or more crews will be 
working on the same lines or equip-
ment, then: 

(A) The crews shall coordinate their 
activities under paragraph (m) of this 
section with a single employee in 
charge of the clearance for all of the 
crews and follow the requirements of 
paragraph (m) of this section as if all of 
the employees formed a single crew, or 

(B) Each crew shall independently 
comply with paragraph (m) of this sec-
tion and, if there is no system operator 
in charge of the lines or equipment, 
shall have separate tags and coordinate 
deenergizing and reenergizing the lines 
and equipment with the other crews. 

(v) The employer shall render any 
disconnecting means that are acces-
sible to individuals outside the employ-
er’s control (for example, the general 
public) inoperable while the dis-
connecting means are open for the pur-
pose of protecting employees. 

(3) Deenergizing lines and equipment. 
(i) The employee that the employer 
designates pursuant to paragraph 
(m)(2) of this section as being in charge 
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of the clearance shall make a request 
of the system operator to deenergize 
the particular section of line or equip-
ment. The designated employee be-
comes the employee in charge (as this 
term is used in paragraph (m)(3) of this 
section) and is responsible for the 
clearance. 

(ii) The employer shall ensure that 
all switches, disconnectors, jumpers, 
taps, and other means through which 
known sources of electric energy may 
be supplied to the particular lines and 
equipment to be deenergized are open. 
The employer shall render such means 
inoperable, unless its design does not 
so permit, and then ensure that such 
means are tagged to indicate that em-
ployees are at work. 

(iii) The employer shall ensure that 
automatically and remotely controlled 
switches that could cause the opened 
disconnecting means to close are also 
tagged at the points of control. The 
employer shall render the automatic or 
remote control feature inoperable, un-
less its design does not so permit. 

(iv) The employer need not use the 
tags mentioned in paragraphs (m)(3)(ii) 
and (m)(3)(iii) of this section on a net-
work protector for work on the pri-
mary feeder for the network protec-
tor’s associated network transformer 
when the employer can demonstrate all 
of the following conditions: 

(A) Every network protector is main-
tained so that it will immediately trip 
open if closed when a primary con-
ductor is deenergized; 

(B) Employees cannot manually 
place any network protector in a closed 
position without the use of tools, and 
any manual override position is 
blocked, locked, or otherwise disabled; 
and 

(C) The employer has procedures for 
manually overriding any network pro-
tector that incorporate provisions for 
determining, before anyone places a 
network protector in a closed position, 
that: The line connected to the net-
work protector is not deenergized for 
the protection of any employee work-
ing on the line; and (if the line con-
nected to the network protector is not 
deenergized for the protection of any 
employee working on the line) the pri-
mary conductors for the network pro-
tector are energized. 

(v) Tags shall prohibit operation of 
the disconnecting means and shall indi-
cate that employees are at work. 

(vi) After the applicable require-
ments in paragraphs (m)(3)(i) through 
(m)(3)(v) of this section have been fol-
lowed and the system operator gives a 
clearance to the employee in charge, 
the employer shall ensure that the 
lines and equipment are deenergized by 
testing the lines and equipment to be 
worked with a device designed to de-
tect voltage. 

(vii) The employer shall ensure the 
installation of protective grounds as 
required by paragraph (n) of this sec-
tion. 

(viii) After the applicable require-
ments of paragraphs (m)(3)(i) through 
(m)(3)(vii) of this section have been fol-
lowed, the lines and equipment in-
volved may be considered deenergized. 

(ix) To transfer the clearance, the 
employee in charge (or the employee’s 
supervisor if the employee in charge 
must leave the worksite due to illness 
or other emergency) shall inform the 
system operator and employees in the 
crew; and the new employee in charge 
shall be responsible for the clearance. 

(x) To release a clearance, the em-
ployee in charge shall: 

(A) Notify each employee under that 
clearance of the pending release of the 
clearance; 

(B) Ensure that all employees under 
that clearance are clear of the lines 
and equipment; 

(C) Ensure that all protective 
grounds protecting employees under 
that clearance have been removed; and 

(D) Report this information to the 
system operator and then release the 
clearance. 

(xi) Only the employee in charge who 
requested the clearance may release 
the clearance, unless the employer 
transfers responsibility under para-
graph (m)(3)(ix) of this section. 

(xii) No one may remove tags with-
out the release of the associated clear-
ance as specified under paragraphs 
(m)(3)(x) and (m)(3)(xi) of this section. 

(xiii) The employer shall ensure that 
no one initiates action to reenergize 
the lines or equipment at a point of 
disconnection until all protective 
grounds have been removed, all crews 
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working on the lines or equipment re-
lease their clearances, all employees 
are clear of the lines and equipment, 
and all protective tags are removed 
from that point of disconnection. 

(n) Grounding for the protection of em-
ployees—(1) Application. Paragraph (n) 
of this section applies to grounding of 
generation, transmission, and distribu-
tion lines and equipment for the pur-
pose of protecting employees. Para-
graph (n)(4) of this section also applies 
to protective grounding of other equip-
ment as required elsewhere in this sec-
tion. 

NOTE TO PARAGRAPH (n)(1): This paragraph 
covers grounding of generation, trans-
mission, and distribution lines and equip-
ment when this section requires protective 
grounding and whenever the employer choos-
es to ground such lines and equipment for 
the protection of employees. 

(2) General. For any employee to 
work transmission and distribution 
lines or equipment as deenergized, the 
employer shall ensure that the lines or 
equipment are deenergized under the 
provisions of paragraph (m) of this sec-
tion and shall ensure proper grounding 
of the lines or equipment as specified 
in paragraphs (n)(3) through (n)(8) of 
this section. However, if the employer 
can demonstrate that installation of a 
ground is impracticable or that the 
conditions resulting from the installa-
tion of a ground would present greater 
hazards to employees than working 
without grounds, the lines and equip-
ment may be treated as deenergized 
provided that the employer establishes 
that all of the following conditions 
apply: 

(i) The employer ensures that the 
lines and equipment are deenergized 
under the provisions of paragraph (m) 
of this section. 

(ii) There is no possibility of contact 
with another energized source. 

(iii) The hazard of induced voltage is 
not present. 

(3) Equipotential zone. Temporary pro-
tective grounds shall be placed at such 
locations and arranged in such a man-
ner that the employer can demonstrate 
will prevent each employee from being 
exposed to hazardous differences in 
electric potential. 

NOTE TO PARAGRAPH (n)(3): Appendix C to 
this section contains guidelines for estab-

lishing the equipotential zone required by 
this paragraph. The Occupational Safety and 
Health Administration will deem grounding 
practices meeting these guidelines as com-
plying with paragraph (n)(3) of this section. 

(4) Protective grounding equipment. (i) 
Protective grounding equipment shall 
be capable of conducting the maximum 
fault current that could flow at the 
point of grounding for the time nec-
essary to clear the fault. 

(ii) Protective grounding equipment 
shall have an ampacity greater than or 
equal to that of No. 2 AWG copper. 

(iii) Protective grounds shall have an 
impedance low enough so that they do 
not delay the operation of protective 
devices in case of accidental energizing 
of the lines or equipment. 

NOTE TO PARAGRAPH (n)(4): American Soci-
ety for Testing and Materials Standard Speci-
fications for Temporary Protective Grounds to 
Be Used on De-Energized Electric Power Lines 
and Equipment, ASTM F855–09, contains 
guidelines for protective grounding equip-
ment. The Institute of Electrical Engineers 
Guide for Protective Grounding of Power Lines, 
IEEE Std 1048–2003, contains guidelines for 
selecting and installing protective grounding 
equipment. 

(5) Testing. The employer shall ensure 
that, unless a previously installed 
ground is present, employees test lines 
and equipment and verify the absence 
of nominal voltage before employees 
install any ground on those lines or 
that equipment. 

(6) Connecting and removing grounds. 
(i) The employer shall ensure that, 
when an employee attaches a ground to 
a line or to equipment, the employee 
attaches the ground-end connection 
first and then attaches the other end 
by means of a live-line tool. For lines 
or equipment operating at 600 volts or 
less, the employer may permit the em-
ployee to use insulating equipment 
other than a live-line tool if the em-
ployer ensures that the line or equip-
ment is not energized at the time the 
ground is connected or if the employer 
can demonstrate that each employee is 
protected from hazards that may de-
velop if the line or equipment is ener-
gized. 

(ii) The employer shall ensure that, 
when an employee removes a ground, 
the employee removes the grounding 
device from the line or equipment 
using a live-line tool before he or she 
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removes the ground-end connection. 
For lines or equipment operating at 600 
volts or less, the employer may permit 
the employee to use insulating equip-
ment other than a live-line tool if the 
employer ensures that the line or 
equipment is not energized at the time 
the ground is disconnected or if the 
employer can demonstrate that each 
employee is protected from hazards 
that may develop if the line or equip-
ment is energized. 

(7) Additional precautions. The em-
ployer shall ensure that, when an em-
ployee performs work on a cable at a 
location remote from the cable ter-
minal, the cable is not grounded at the 
cable terminal if there is a possibility 
of hazardous transfer of potential 
should a fault occur. 

(8) Removal of grounds for test. The 
employer may permit employees to re-
move grounds temporarily during 
tests. During the test procedure, the 
employer shall ensure that each em-
ployee uses insulating equipment, shall 
isolate each employee from any haz-
ards involved, and shall implement any 
additional measures necessary to pro-
tect each exposed employee in case the 
previously grounded lines and equip-
ment become energized. 

(o) Testing and test facilities—(1) Appli-
cation. Paragraph (o) of this section 
provides for safe work practices for 
high-voltage and high-power testing 
performed in laboratories, shops, and 
substations, and in the field and on 
electric transmission and distribution 
lines and equipment. It applies only to 
testing involving interim measure-
ments using high voltage, high power, 
or combinations of high voltage and 
high power, and not to testing involv-
ing continuous measurements as in 
routine metering, relaying, and normal 
line work. 

NOTE TO PARAGRAPH (o)(1): OSHA considers 
routine inspection and maintenance meas-
urements made by qualified employees to be 
routine line work not included in the scope 
of paragraph (o) of this section, provided 
that the hazards related to the use of intrin-
sic high-voltage or high-power sources re-
quire only the normal precautions associated 
with routine work specified in the other 
paragraphs of this section. Two typical ex-
amples of such excluded test work proce-
dures are ‘‘phasing-out’’ testing and testing 
for a ‘‘no-voltage’’ condition. 

(2) General requirements. (i) The em-
ployer shall establish and enforce work 
practices for the protection of each 
worker from the hazards of high-volt-
age or high-power testing at all test 
areas, temporary and permanent. Such 
work practices shall include, as a min-
imum, test area safeguarding, ground-
ing, the safe use of measuring and con-
trol circuits, and a means providing for 
periodic safety checks of field test 
areas. 

(ii) The employer shall ensure that 
each employee, upon initial assign-
ment to the test area, receives training 
in safe work practices, with retraining 
provided as required by paragraph 
(a)(2) of this section. 

(3) Safeguarding of test areas. (i) The 
employer shall provide safeguarding 
within test areas to control access to 
test equipment or to apparatus under 
test that could become energized as 
part of the testing by either direct or 
inductive coupling and to prevent acci-
dental employee contact with ener-
gized parts. 

(ii) The employer shall guard perma-
nent test areas with walls, fences, or 
other barriers designed to keep em-
ployees out of the test areas. 

(iii) In field testing, or at a tem-
porary test site not guarded by perma-
nent fences and gates, the employer 
shall ensure the use of one of the fol-
lowing means to prevent employees 
without authorization from entering: 

(A) Distinctively colored safety tape 
supported approximately waist high 
with safety signs attached to it, 

(B) A barrier or barricade that limits 
access to the test area to a degree 
equivalent, physically and visually, to 
the barricade specified in paragraph 
(o)(3)(iii)(A) of this section, or 

(C) One or more test observers sta-
tioned so that they can monitor the en-
tire area. 

(iv) The employer shall ensure the re-
moval of the safeguards required by 
paragraph (o)(3)(iii) of this section 
when employees no longer need the 
protection afforded by the safeguards. 

(4) Grounding practices. (i) The em-
ployer shall establish and implement 
safe grounding practices for the test fa-
cility. 

(A) The employer shall maintain at 
ground potential all conductive parts 
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accessible to the test operator while 
the equipment is operating at high 
voltage. 

(B) Wherever ungrounded terminals 
of test equipment or apparatus under 
test may be present, they shall be 
treated as energized until tests dem-
onstrate that they are deenergized. 

(ii) The employer shall ensure either 
that visible grounds are applied auto-
matically, or that employees using 
properly insulated tools manually 
apply visible grounds, to the high-volt-
age circuits after they are deenergized 
and before any employee performs 
work on the circuit or on the item or 
apparatus under test. Common ground 
connections shall be solidly connected 
to the test equipment and the appa-
ratus under test. 

(iii) In high-power testing, the em-
ployer shall provide an isolated 
ground-return conductor system de-
signed to prevent the intentional pas-
sage of current, with its attendant 
voltage rise, from occurring in the 
ground grid or in the earth. However, 
the employer need not provide an iso-
lated ground-return conductor if the 
employer can demonstrate that both of 
the following conditions exist: 

(A) The employer cannot provide an 
isolated ground-return conductor due 
to the distance of the test site from the 
electric energy source, and 

(B) The employer protects employees 
from any hazardous step and touch po-
tentials that may develop during the 
test. 

NOTE TO PARAGRAPH (o)(4)(iii)(B): See ap-
pendix C to this section for information on 
measures that employers can take to protect 
employees from hazardous step and touch po-
tentials. 

(iv) For tests in which using the 
equipment grounding conductor in the 
equipment power cord to ground the 
test equipment would result in greater 
hazards to test personnel or prevent 
the taking of satisfactory measure-
ments, the employer may use a ground 
clearly indicated in the test set-up if 
the employer can demonstrate that 
this ground affords protection for em-
ployees equivalent to the protection af-
forded by an equipment grounding con-
ductor in the power supply cord. 

(v) The employer shall ensure that, 
when any employee enters the test 

area after equipment is deenergized, a 
ground is placed on the high-voltage 
terminal and any other exposed termi-
nals. 

(A) Before any employee applies a di-
rect ground, the employer shall dis-
charge high capacitance equipment 
through a resistor rated for the avail-
able energy. 

(B) A direct ground shall be applied 
to the exposed terminals after the 
stored energy drops to a level at which 
it is safe to do so. 

(vi) If the employer uses a test trailer 
or test vehicle in field testing, its chas-
sis shall be grounded. The employer 
shall protect each employee against 
hazardous touch potentials with re-
spect to the vehicle, instrument panels, 
and other conductive parts accessible 
to employees with bonding, insulation, 
or isolation. 

(5) Control and measuring circuits. (i) 
The employer may not run control wir-
ing, meter connections, test leads, or 
cables from a test area unless con-
tained in a grounded metallic sheath 
and terminated in a grounded metallic 
enclosure or unless the employer takes 
other precautions that it can dem-
onstrate will provide employees with 
equivalent safety. 

(ii) The employer shall isolate meters 
and other instruments with accessible 
terminals or parts from test personnel 
to protect against hazards that could 
arise should such terminals and parts 
become energized during testing. If the 
employer provides this isolation by lo-
cating test equipment in metal com-
partments with viewing windows, the 
employer shall provide interlocks to 
interrupt the power supply when some-
one opens the compartment cover. 

(iii) The employer shall protect tem-
porary wiring and its connections 
against damage, accidental interrup-
tions, and other hazards. To the max-
imum extent possible, the employer 
shall keep signal, control, ground, and 
power cables separate from each other. 

(iv) If any employee will be present 
in the test area during testing, a test 
observer shall be present. The test ob-
server shall be capable of imple-
menting the immediate deenergizing of 
test circuits for safety purposes. 

(6) Safety check. (i) Safety practices 
governing employee work at temporary 
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or field test areas shall provide, at the 
beginning of each series of tests, for a 
routine safety check of such test areas. 

(ii) The test operator in charge shall 
conduct these routine safety checks be-
fore each series of tests and shall verify 
at least the following conditions: 

(A) Barriers and safeguards are in 
workable condition and placed properly 
to isolate hazardous areas; 

(B) System test status signals, if 
used, are in operable condition; 

(C) Clearly marked test-power dis-
connects are readily available in an 
emergency; 

(D) Ground connections are clearly 
identifiable; 

(E) Personal protective equipment is 
provided and used as required by Sub-
part I of this part and by this section; 
and 

(F) Proper separation between signal, 
ground, and power cables. 

(p) Mechanical equipment—(1) General 
requirements. (i) The critical safety 
components of mechanical elevating 
and rotating equipment shall receive a 
thorough visual inspection before use 
on each shift. 

NOTE TO PARAGRAPH (p)(1)(i): Critical safe-
ty components of mechanical elevating and 
rotating equipment are components for 
which failure would result in free fall or free 
rotation of the boom. 

(ii) No motor vehicle or earthmoving 
or compacting equipment having an ob-
structed view to the rear may be oper-
ated on off-highway jobsites where any 
employee is exposed to the hazards cre-
ated by the moving vehicle, unless: 

(A) The vehicle has a reverse signal 
alarm audible above the surrounding 
noise level, or 

(B) The vehicle is backed up only 
when a designated employee signals 
that it is safe to do so. 

(iii) Rubber-tired self-propelled 
scrapers, rubber-tired front-end load-
ers, rubber-tired dozers, wheel-type ag-
ricultural and industrial tractors, 
crawler-type tractors, crawler-type 
loaders, and motor graders, with or 
without attachments, shall have roll-
over protective structures that meet 
the requirements of Subpart W of Part 
1926 of this chapter. 

(iv) The operator of an electric line 
truck may not leave his or her position 
at the controls while a load is sus-

pended, unless the employer can dem-
onstrate that no employee (including 
the operator) is endangered. 

(2) Outriggers. (i) Mobile equipment, if 
provided with outriggers, shall be oper-
ated with the outriggers extended and 
firmly set, except as provided in para-
graph (p)(2)(iii) of this section. 

(ii) Outriggers may not be extended 
or retracted outside of the clear view of 
the operator unless all employees are 
outside the range of possible equipment 
motion. 

(iii) If the work area or the terrain 
precludes the use of outriggers, the 
equipment may be operated only with-
in its maximum load ratings specified 
by the equipment manufacturer for the 
particular configuration of the equip-
ment without outriggers. 

(3) Applied loads. Mechanical equip-
ment used to lift or move lines or other 
material shall be used within its max-
imum load rating and other design lim-
itations for the conditions under which 
the mechanical equipment is being 
used. 

(4) Operations near energized lines or 
equipment. (i) Mechanical equipment 
shall be operated so that the minimum 
approach distances, established by the 
employer under paragraph (l)(3)(i) of 
this section, are maintained from ex-
posed energized lines and equipment. 
However, the insulated portion of an 
aerial lift operated by a qualified em-
ployee in the lift is exempt from this 
requirement if the applicable minimum 
approach distance is maintained be-
tween the uninsulated portions of the 
aerial lift and exposed objects having a 
different electrical potential. 

(ii) A designated employee other than 
the equipment operator shall observe 
the approach distance to exposed lines 
and equipment and provide timely 
warnings before the minimum ap-
proach distance required by paragraph 
(p)(4)(i) of this section is reached, un-
less the employer can demonstrate 
that the operator can accurately deter-
mine that the minimum approach dis-
tance is being maintained. 

(iii) If, during operation of the me-
chanical equipment, that equipment 
could become energized, the operation 
also shall comply with at least one of 
paragraphs (p)(4)(iii)(A) through 
(p)(4)(iii)(C) of this section. 
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(A) The energized lines or equipment 
exposed to contact shall be covered 
with insulating protective material 
that will withstand the type of contact 
that could be made during the oper-
ation. 

(B) The mechanical equipment shall 
be insulated for the voltage involved. 
The mechanical equipment shall be po-
sitioned so that its uninsulated por-
tions cannot approach the energized 
lines or equipment any closer than the 
minimum approach distances, estab-
lished by the employer under para-
graph (l)(3)(i) of this section. 

(C) Each employee shall be protected 
from hazards that could arise from me-
chanical equipment contact with ener-
gized lines or equipment. The measures 
used shall ensure that employees will 
not be exposed to hazardous differences 
in electric potential. Unless the em-
ployer can demonstrate that the meth-
ods in use protect each employee from 
the hazards that could arise if the me-
chanical equipment contacts the ener-
gized line or equipment, the measures 
used shall include all of the following 
techniques: 

(1) Using the best available ground to 
minimize the time the lines or electric 
equipment remain energized, 

(2) Bonding mechanical equipment 
together to minimize potential dif-
ferences, 

(3) Providing ground mats to extend 
areas of equipotential, and 

(4) Employing insulating protective 
equipment or barricades to guard 
against any remaining hazardous elec-
trical potential differences. 

NOTE TO PARAGRAPH (p)(4)(iii)(C): Appendix 
C to this section contains information on 
hazardous step and touch potentials and on 
methods of protecting employees from haz-
ards resulting from such potentials. 

(q) Overhead lines and live-line bare-
hand work. This paragraph provides ad-
ditional requirements for work per-
formed on or near overhead lines and 
equipment and for live-line barehand 
work. 

(1) General. (i) Before allowing em-
ployees to subject elevated structures, 
such as poles or towers, to such 
stresses as climbing or the installation 
or removal of equipment may impose, 
the employer shall ascertain that the 
structures are capable of sustaining 

the additional or unbalanced stresses. 
If the pole or other structure cannot 
withstand the expected loads, the em-
ployer shall brace or otherwise support 
the pole or structure so as to prevent 
failure. 

NOTE TO PARAGRAPH (q)(1)(i): Appendix D to 
this section contains test methods that em-
ployers can use in ascertaining whether a 
wood pole is capable of sustaining the forces 
imposed by an employee climbing the pole. 
This paragraph also requires the employer to 
ascertain that the pole can sustain all other 
forces imposed by the work employees will 
perform. 

(ii) When a pole is set, moved, or re-
moved near an exposed energized over-
head conductor, the pole may not con-
tact the conductor. 

(iii) When a pole is set, moved, or re-
moved near an exposed energized over-
head conductor, the employer shall en-
sure that each employee wears elec-
trical protective equipment or uses in-
sulated devices when handling the pole 
and that no employee contacts the pole 
with uninsulated parts of his or her 
body. 

(iv) To protect employees from fall-
ing into holes used for placing poles, 
the employer shall physically guard 
the holes, or ensure that employees at-
tend the holes, whenever anyone is 
working nearby. 

(2) Installing and removing overhead 
lines. The following provisions apply to 
the installation and removal of over-
head conductors or cable (overhead 
lines). 

(i) When lines that employees are in-
stalling or removing can contact ener-
gized parts, the employer shall use the 
tension-stringing method, barriers, or 
other equivalent measures to minimize 
the possibility that conductors and ca-
bles the employees are installing or re-
moving will contact energized power 
lines or equipment. 

(ii) For conductors, cables, and pull-
ing and tensioning equipment, the em-
ployer shall provide the protective 
measures required by paragraph 
(p)(4)(iii) of this section when employ-
ees are installing or removing a con-
ductor or cable close enough to ener-
gized conductors that any of the fol-
lowing failures could energize the pull-
ing or tensioning equipment or the 
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conductor or cable being installed or 
removed: 

(A) Failure of the pulling or ten-
sioning equipment, 

(B) Failure of the conductor or cable 
being pulled, or 

(C) Failure of the previously in-
stalled lines or equipment. 

(iii) If the conductors that employees 
are installing or removing cross over 
energized conductors in excess of 600 
volts and if the design of the circuit-in-
terrupting devices protecting the lines 
so permits, the employer shall render 
inoperable the automatic-reclosing fea-
ture of these devices. 

(iv) Before employees install lines 
parallel to existing energized lines, the 
employer shall make a determination 
of the approximate voltage to be in-
duced in the new lines, or work shall 
proceed on the assumption that the in-
duced voltage is hazardous. Unless the 
employer can demonstrate that the 
lines that employees are installing are 
not subject to the induction of a haz-
ardous voltage or unless the lines are 
treated as energized, temporary protec-
tive grounds shall be placed at such lo-
cations and arranged in such a manner 
that the employer can demonstrate 
will prevent exposure of each employee 
to hazardous differences in electric po-
tential. 

NOTE 1 TO PARAGRAPH (q)(2)(iv): If the em-
ployer takes no precautions to protect em-
ployees from hazards associated with invol-
untary reactions from electric shock, a haz-
ard exists if the induced voltage is sufficient 
to pass a current of 1 milliampere through a 
500-ohm resistor. If the employer protects 
employees from injury due to involuntary re-
actions from electric shock, a hazard exists 
if the resultant current would be more than 
6 milliamperes. 

NOTE 2 TO PARAGRAPH (q)(2)(iv): Appendix C 
to this section contains guidelines for pro-
tecting employees from hazardous dif-
ferences in electric potential as required by 
this paragraph. 

(v) Reel-handling equipment, includ-
ing pulling and tensioning devices, 
shall be in safe operating condition and 
shall be leveled and aligned. 

(vi) The employer shall ensure that 
employees do not exceed load ratings 
of stringing lines, pulling lines, con-
ductor grips, load-bearing hardware 
and accessories, rigging, and hoists. 

(vii) The employer shall repair or re-
place defective pulling lines and acces-
sories. 

(viii) The employer shall ensure that 
employees do not use conductor grips 
on wire rope unless the manufacturer 
specifically designed the grip for this 
application. 

(ix) The employer shall ensure that 
employees maintain reliable commu-
nications, through two-way radios or 
other equivalent means, between the 
reel tender and the pulling-rig oper-
ator. 

(x) Employees may operate the pull-
ing rig only when it is safe to do so. 

NOTE TO PARAGRAPH (q)(2)(x): Examples of 
unsafe conditions include: employees in loca-
tions prohibited by paragraph (q)(2)(xi) of 
this section, conductor and pulling line 
hang-ups, and slipping of the conductor grip. 

(xi) While a power-driven device is 
pulling the conductor or pulling line 
and the conductor or pulling line is in 
motion, the employer shall ensure that 
employees are not directly under over-
head operations or on the crossarm, ex-
cept as necessary for the employees to 
guide the stringing sock or board over 
or through the stringing sheave. 

(3) Live-line barehand work. In addi-
tion to other applicable provisions con-
tained in this section, the following re-
quirements apply to live-line barehand 
work: 

(i) Before an employee uses or super-
vises the use of the live-line barehand 
technique on energized circuits, the 
employer shall ensure that the em-
ployee completes training conforming 
to paragraph (a)(2) of this section in 
the technique and in the safety re-
quirements of paragraph (q)(3) of this 
section. 

(ii) Before any employee uses the 
live-line barehand technique on ener-
gized high-voltage conductors or parts, 
the employer shall ascertain the fol-
lowing information in addition to in-
formation about other existing condi-
tions required by paragraph (a)(4) of 
this section: 

(A) The nominal voltage rating of the 
circuit on which employees will per-
form the work, 

(B) The clearances to ground of lines 
and other energized parts on which em-
ployees will perform the work, and 
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(C) The voltage limitations of equip-
ment employees will use. 

(iii) The employer shall ensure that 
the insulated equipment, insulated 
tools, and aerial devices and platforms 
used by employees are designed, tested, 
and made for live-line barehand work. 

(iv) The employer shall ensure that 
employees keep tools and equipment 
clean and dry while they are in use. 

(v) The employer shall render inoper-
able the automatic-reclosing feature of 
circuit-interrupting devices protecting 
the lines if the design of the devices 
permits. 

(vi) The employer shall ensure that 
employees do not perform work when 
adverse weather conditions would 
make the work hazardous even after 
the employer implements the work 
practices required by this section. Ad-
ditionally, employees may not perform 
work when winds reduce the phase-to- 
phase or phase-to-ground clearances at 
the work location below the minimum 
approach distances specified in para-
graph (q)(3)(xiv) of this section, unless 
insulating guards cover the grounded 
objects and other lines and equipment. 

NOTE TO PARAGRAPH (q)(3)(vi): Thunder-
storms in the vicinity, high winds, snow 
storms, and ice storms are examples of ad-
verse weather conditions that make live-line 
barehand work too hazardous to perform 
safely even after the employer implements 
the work practices required by this section. 

(vii) The employer shall provide and 
ensure that employees use a conductive 
bucket liner or other conductive device 
for bonding the insulated aerial device 
to the energized line or equipment. 

(A) The employee shall be connected 
to the bucket liner or other conductive 
device by the use of conductive shoes, 
leg clips, or other means. 

(B) Where differences in potentials at 
the worksite pose a hazard to employ-
ees, the employer shall provide electro-
static shielding designed for the volt-
age being worked. 

(viii) The employer shall ensure that, 
before the employee contacts the ener-
gized part, the employee bonds the con-
ductive bucket liner or other conduc-
tive device to the energized conductor 
by means of a positive connection. This 
connection shall remain attached to 
the energized conductor until the em-

ployee completes the work on the ener-
gized circuit. 

(ix) Aerial lifts used for live-line 
barehand work shall have dual controls 
(lower and upper) as follows: 

(A) The upper controls shall be with-
in easy reach of the employee in the 
bucket. On a two-bucket-type lift, ac-
cess to the controls shall be within 
easy reach of both buckets. 

(B) The lower set of controls shall be 
near the base of the boom and shall be 
designed so that they can override op-
eration of the equipment at any time. 

(x) Lower (ground-level) lift controls 
may not be operated with an employee 
in the lift except in case of emergency. 

(xi) The employer shall ensure that, 
before employees elevate an aerial lift 
into the work position, the employees 
check all controls (ground level and 
bucket) to determine that they are in 
proper working condition. 

(xii) The employer shall ensure that, 
before employees elevate the boom of 
an aerial lift, the employees ground the 
body of the truck or barricade the body 
of the truck and treat it as energized. 

(xiii) The employer shall ensure that 
employees perform a boom-current test 
before starting work each day, each 
time during the day when they encoun-
ter a higher voltage, and when changed 
conditions indicate a need for an addi-
tional test. 

(A) This test shall consist of placing 
the bucket in contact with an ener-
gized source equal to the voltage to be 
encountered for a minimum of 3 min-
utes. 

(B) The leakage current may not ex-
ceed 1 microampere per kilovolt of 
nominal phase-to-ground voltage. 

(C) The employer shall immediately 
suspend work from the aerial lift when 
there is any indication of a malfunc-
tion in the equipment. 

(xiv) The employer shall ensure that 
employees maintain the minimum ap-
proach distances, established by the 
employer under paragraph (l)(3)(i) of 
this section, from all grounded objects 
and from lines and equipment at a po-
tential different from that to which the 
live-line barehand equipment is bond-
ed, unless insulating guards cover such 
grounded objects and other lines and 
equipment. 
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(xv) The employer shall ensure that, 
while an employee is approaching, 
leaving, or bonding to an energized cir-
cuit, the employee maintains the min-
imum approach distances, established 
by the employer under paragraph 
(l)(3)(i) of this section, between the em-
ployee and any grounded parts, includ-
ing the lower boom and portions of the 
truck and between the employee and 
conductive objects energized at dif-
ferent potentials. 

(xvi) While the bucket is alongside an 
energized bushing or insulator string, 
the employer shall ensure that employ-
ees maintain the phase-to-ground min-
imum approach distances, established 
by the employer under paragraph 
(l)(3)(i) of this section, between all 
parts of the bucket and the grounded 
end of the bushing or insulator string 
or any other grounded surface. 

(xvii) The employer shall ensure that 
employees do not use handlines be-
tween the bucket and the boom or be-
tween the bucket and the ground. How-
ever, employees may use nonconduc-
tive-type handlines from conductor to 
ground if not supported from the buck-
et. The employer shall ensure that no 
one uses ropes used for live-line bare-
hand work for other purposes. 

(xviii) The employer shall ensure 
that employees do not pass uninsulated 
equipment or material between a pole 
or structure and an aerial lift while an 
employee working from the bucket is 
bonded to an energized part. 

(xix) A nonconductive measuring de-
vice shall be readily accessible to em-
ployees performing live-line barehand 
work to assist them in maintaining the 
required minimum approach distance. 

(4) Towers and structures. The fol-
lowing requirements apply to work per-
formed on towers or other structures 
that support overhead lines. 

(i) The employer shall ensure that no 
employee is under a tower or structure 
while work is in progress, except when 
the employer can demonstrate that 
such a working position is necessary to 
assist employees working above. 

(ii) The employer shall ensure that 
employees use tag lines or other simi-
lar devices to maintain control of 
tower sections being raised or posi-
tioned, unless the employer can dem-
onstrate that the use of such devices 

would create a greater hazard to em-
ployees. 

(iii) The employer shall ensure that 
employees do not detach the loadline 
from a member or section until they 
safely secure the load. 

(iv) The employer shall ensure that, 
except during emergency restoration 
procedures, employees discontinue 
work when adverse weather conditions 
would make the work hazardous in 
spite of the work practices required by 
this section. 

NOTE TO PARAGRAPH (q)(4)(iv): Thunder-
storms in the vicinity, high winds, snow 
storms, and ice storms are examples of ad-
verse weather conditions that make this 
work too hazardous to perform even after 
the employer implements the work practices 
required by this section. 

(r) Line-clearance tree trimming. This 
paragraph provides additional require-
ments for line-clearance tree trimming 
and for equipment used in this type of 
work. 

(1) Electrical hazards. This paragraph 
does not apply to qualified employees. 

(i) Before an employee climbs, enters, 
or works around any tree, a determina-
tion shall be made of the nominal volt-
age of electric power lines posing a haz-
ard to employees. However, a deter-
mination of the maximum nominal 
voltage to which an employee will be 
exposed may be made instead, if all 
lines are considered as energized at 
this maximum voltage. 

(ii) There shall be a second line-clear-
ance tree trimmer within normal (that 
is, unassisted) voice communication 
under any of the following conditions: 

(A) If a line-clearance tree trimmer 
is to approach more closely than 3.05 
meters (10 feet) to any conductor or 
electric apparatus energized at more 
than 750 volts or 

(B) If branches or limbs being re-
moved are closer to lines energized at 
more than 750 volts than the distances 
listed in Table R–5, Table R–6, Table R– 
7, and Table R–8 or 

(C) If roping is necessary to remove 
branches or limbs from such conduc-
tors or apparatus. 

(iii) Line-clearance tree trimmers 
shall maintain the minimum approach 
distances from energized conductors 
given in Table R–5, Table R–6, Table R– 
7, and Table R–8. 
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(iv) Branches that are contacting ex-
posed energized conductors or equip-
ment or that are within the distances 
specified in Table R–5, Table R–6, Table 
R–7, and Table R–8 may be removed 
only through the use of insulating 
equipment. 

NOTE TO PARAGRAPH (r)(1)(iv): A tool con-
structed of a material that the employer can 
demonstrate has insulating qualities meet-
ing paragraph (j)(1) of this section is consid-
ered as insulated under paragraph (r)(1)(iv) 
of this section if the tool is clean and dry. 

(v) Ladders, platforms, and aerial de-
vices may not be brought closer to an 
energized part than the distances listed 
in Table R–5, Table R–6, Table R–7, and 
Table R–8. 

(vi) Line-clearance tree trimming 
may not be performed when adverse 
weather conditions make the work haz-
ardous in spite of the work practices 
required by this section. Each em-
ployee performing line-clearance tree 
trimming in the aftermath of a storm 
or under similar emergency conditions 
shall be trained in the special hazards 
related to this type of work. 

NOTE TO PARAGRAPH (r)(1)(vi): Thunder-
storms in the immediate vicinity, high 
winds, snow storms, and ice storms are ex-
amples of adverse weather conditions that 
are presumed to make line-clearance tree 
trimming too hazardous to perform safely. 

(2) Brush chippers. (i) Brush chippers 
shall be equipped with a locking device 
in the ignition system. 

(ii) Access panels for maintenance 
and adjustment of the chipper blades 
and associated drive train shall be in 
place and secure during operation of 
the equipment. 

(iii) Brush chippers not equipped with 
a mechanical infeed system shall be 
equipped with an infeed hopper of 
length sufficient to prevent employees 
from contacting the blades or knives of 
the machine during operation. 

(iv) Trailer chippers detached from 
trucks shall be chocked or otherwise 
secured. 

(v) Each employee in the immediate 
area of an operating chipper feed table 
shall wear personal protective equip-
ment as required by Subpart I of this 
part. 

(3) Sprayers and related equipment. (i) 
Walking and working surfaces of spray-
ers and related equipment shall be cov-

ered with slip-resistant material. If 
slipping hazards cannot be eliminated, 
slip-resistant footwear or handrails and 
stair rails meeting the requirements of 
subpart D of this part may be used in-
stead of slip-resistant material. 

(ii) Equipment on which employees 
stand to spray while the vehicle is in 
motion shall be equipped with guard-
rails around the working area. The 
guardrail shall be constructed in ac-
cordance with subpart D of this part. 

(4) Stump cutters. (i) Stump cutters 
shall be equipped with enclosures or 
guards to protect employees. 

(ii) Each employee in the immediate 
area of stump grinding operations (in-
cluding the stump cutter operator) 
shall wear personal protective equip-
ment as required by subpart I of this 
part. 

(5) Gasoline-engine power saws. Gaso-
line-engine power saw operations shall 
meet the requirements of § 1910.266(e) 
and the following: 

(i) Each power saw weighing more 
than 6.8 kilograms (15 pounds, service 
weight) that is used in trees shall be 
supported by a separate line, except 
when work is performed from an aerial 
lift and except during topping or re-
moving operations where no supporting 
limb will be available. 

(ii) Each power saw shall be equipped 
with a control that will return the saw 
to idling speed when released. 

(iii) Each power saw shall be 
equipped with a clutch and shall be so 
adjusted that the clutch will not en-
gage the chain drive at idling speed. 

(iv) A power saw shall be started on 
the ground or where it is otherwise 
firmly supported. Drop starting of saws 
over 6.8 kilograms (15 pounds), other 
than chain saws, is permitted outside 
of the bucket of an aerial lift only if 
the area below the lift is clear of per-
sonnel. 

NOTE TO PARAGRAPH (r)(5)(iv): Paragraph 
(e)(2)(vi) of § 1910.266 prohibits drop starting 
of chain saws. 

(v) A power saw engine may be start-
ed and operated only when all employ-
ees other than the operator are clear of 
the saw. 

(vi) A power saw may not be running 
when the saw is being carried up into a 
tree by an employee. 
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(vii) Power saw engines shall be 
stopped for all cleaning, refueling, ad-
justments, and repairs to the saw or 
motor, except as the manufacturer’s 
servicing procedures require otherwise. 

(6) Backpack power units for use in 
pruning and clearing. (i) While a back-
pack power unit is running, no one 
other than the operator may be within 
3.05 meters (10 feet) of the cutting head 
of a brush saw. 

(ii) A backpack power unit shall be 
equipped with a quick shutoff switch 
readily accessible to the operator. 

(iii) Backpack power unit engines 
shall be stopped for all cleaning, refuel-
ing, adjustments, and repairs to the 
saw or motor, except as the manufac-
turer’s servicing procedures require 
otherwise. 

(7) Rope. (i) Climbing ropes shall be 
used by employees working aloft in 
trees. These ropes shall have a min-
imum diameter of 12 millimeters (0.5 
inch) with a minimum breaking 
strength of 10.2 kilonewtons (2,300 
pounds). Synthetic rope shall have 
elasticity of not more than 7 percent. 

(ii) Rope shall be inspected before 
each use and, if unsafe (for example, 
because of damage or defect), may not 
be used. 

(iii) Rope shall be stored away from 
cutting edges and sharp tools. Rope 
contact with corrosive chemicals, gas, 
and oil shall be avoided. 

(iv) When stored, rope shall be coiled 
and piled, or shall be suspended, so 
that air can circulate through the 
coils. 

(v) Rope ends shall be secured to pre-
vent their unraveling. 

(vi) Climbing rope may not be spliced 
to effect repair. 

(vii) A rope that is wet, that is con-
taminated to the extent that its insu-
lating capacity is impaired, or that is 
otherwise not considered to be insu-
lated for the voltage involved may not 
be used near exposed energized lines. 

(8) Fall protection. Each employee 
shall be tied in with a climbing rope 
and safety saddle when the employee is 
working above the ground in a tree, un-
less he or she is ascending into the 
tree. 

(s) Communication facilities—(1) Micro-
wave transmission. (i) The employer 
shall ensure that no employee looks 

into an open waveguide or antenna 
connected to an energized microwave 
source. 

(ii) If the electromagnetic-radiation 
level within an accessible area associ-
ated with microwave communications 
systems exceeds the radiation-protec-
tion guide specified by § 1910.97(a)(2), 
the employer shall post the area with 
warning signs containing the warning 
symbol described in § 1910.97(a)(3). The 
lower half of the warning symbol shall 
include the following statements, or 
ones that the employer can dem-
onstrate are equivalent: ‘‘Radiation in 
this area may exceed hazard limita-
tions and special precautions are re-
quired. Obtain specific instruction be-
fore entering.’’ 

(iii) When an employee works in an 
area where the electromagnetic radi-
ation could exceed the radiation-pro-
tection guide, the employer shall insti-
tute measures that ensure that the em-
ployee’s exposure is not greater than 
that permitted by that guide. Such 
measures may include administrative 
and engineering controls and personal 
protective equipment. 

(2) Power-line carrier. The employer 
shall ensure that employees perform 
power-line carrier work, including 
work on equipment used for coupling 
carrier current to power line conduc-
tors, in accordance with the require-
ments of this section pertaining to 
work on energized lines. 

(t) Underground electrical installations. 
This paragraph provides additional re-
quirements for work on underground 
electrical installations. 

(1) Access. The employer shall ensure 
that employees use a ladder or other 
climbing device to enter and exit a 
manhole or subsurface vault exceeding 
1.22 meters (4 feet) in depth. No em-
ployee may climb into or out of a man-
hole or vault by stepping on cables or 
hangers. 

(2) Lowering equipment into manholes. 
(i) Equipment used to lower materials 
and tools into manholes or vaults shall 
be capable of supporting the weight to 
be lowered and shall be checked for de-
fects before use. 

(ii) Before anyone lowers tools or ma-
terial into the opening for a manhole 
or vault, each employee working in the 
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manhole or vault shall be clear of the 
area directly under the opening. 

(3) Attendants for manholes and vaults. 
(i) While work is being performed in a 
manhole or vault containing energized 
electric equipment, an employee with 
first-aid training shall be available on 
the surface in the immediate vicinity 
of the manhole or vault entrance to 
render emergency assistance. 

(ii) Occasionally, the employee on 
the surface may briefly enter a man-
hole or vault to provide nonemergency 
assistance. 

NOTE 1 TO PARAGRAPH (t)(3)(ii): Paragraph 
(e)(7) of this section may also require an at-
tendant and does not permit this attendant 
to enter the manhole or vault. 

NOTE 2 TO PARAGRAPH (t)(3)(ii): Paragraph 
(l)(1)(ii) of this section requires employees 
entering manholes or vaults containing un-
guarded, uninsulated energized lines or parts 
of electric equipment operating at 50 volts or 
more to be qualified. 

(iii) For the purpose of inspection, 
housekeeping, taking readings, or simi-
lar work, an employee working alone 
may enter, for brief periods of time, a 
manhole or vault where energized ca-
bles or equipment are in service if the 
employer can demonstrate that the 
employee will be protected from all 
electrical hazards. 

(iv) The employer shall ensure that 
employees maintain reliable commu-
nications, through two-way radios or 
other equivalent means, among all em-
ployees involved in the job. 

(4) Duct rods. The employer shall en-
sure that, if employees use duct rods, 
the employees install the duct rods in 
the direction presenting the least haz-
ard to employees. The employer shall 
station an employee at the far end of 
the duct line being rodded to ensure 
that the employees maintain the re-
quired minimum approach distances. 

(5) Multiple cables. When multiple ca-
bles are present in a work area, the em-
ployer shall identify the cable to be 
worked by electrical means, unless its 
identity is obvious by reason of distinc-
tive appearance or location or by other 
readily apparent means of identifica-
tion. The employer shall protect cables 
other than the one being worked from 
damage. 

(6) Moving cables. Except when para-
graph (t)(7)(ii) of this section permits 

employees to perform work that could 
cause a fault in an energized cable in a 
manhole or vault, the employer shall 
ensure that employees inspect ener-
gized cables to be moved for abnormali-
ties. 

(7) Protection against faults. (i) Where 
a cable in a manhole or vault has one 
or more abnormalities that could lead 
to a fault or be an indication of an im-
pending fault, the employer shall deen-
ergize the cable with the abnormality 
before any employee may work in the 
manhole or vault, except when service- 
load conditions and a lack of feasible 
alternatives require that the cable re-
main energized. In that case, employ-
ees may enter the manhole or vault 
provided the employer protects them 
from the possible effects of a failure 
using shields or other devices that are 
capable of containing the adverse ef-
fects of a fault. The employer shall 
treat the following abnormalities as in-
dications of impending faults unless 
the employer can demonstrate that the 
conditions could not lead to a fault: Oil 
or compound leaking from cable or 
joints, broken cable sheaths or joint 
sleeves, hot localized surface tempera-
tures of cables or joints, or joints swol-
len beyond normal tolerance. 

(ii) If the work employees will per-
form in a manhole or vault could cause 
a fault in a cable, the employer shall 
deenergize that cable before any em-
ployee works in the manhole or vault, 
except when service-load conditions 
and a lack of feasible alternatives re-
quire that the cable remain energized. 
In that case, employees may enter the 
manhole or vault provided the em-
ployer protects them from the possible 
effects of a failure using shields or 
other devices that are capable of con-
taining the adverse effects of a fault. 

(8) Sheath continuity. When employees 
perform work on buried cable or on 
cable in a manhole or vault, the em-
ployer shall maintain metallic-sheath 
continuity, or the cable sheath shall be 
treated as energized. 

(u) Substations. This paragraph pro-
vides additional requirements for sub-
stations and for work performed in 
them. 

(1) Access and working space. The em-
ployer shall provide and maintain suf-
ficient access and working space about 
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electric equipment to permit ready and 
safe operation and maintenance of such 
equipment by employees. 

NOTE TO PARAGRAPH (u)(1): American Na-
tional Standard National Electrical Safety 
Code, ANSI/IEEE C2–2012 contains guidelines 
for the dimensions of access and working 
space about electric equipment in sub-
stations. Installations meeting the ANSI 
provisions comply with paragraph (u)(1) of 
this section. The Occupational Safety and 
Health Administration will determine 
whether an installation that does not con-
form to this ANSI standard complies with 
paragraph (u)(1) of this section based on the 
following criteria: 

(1) Whether the installation conforms to 
the edition of ANSI C2 that was in effect 
when the installation was made, 

(2) Whether the configuration of the instal-
lation enables employees to maintain the 
minimum approach distances, established by 
the employer under paragraph (l)(3)(i) of this 
section, while the employees are working on 
exposed, energized parts, and 

(3) Whether the precautions taken when 
employees perform work on the installation 
provide protection equivalent to the protec-
tion provided by access and working space 
meeting ANSI/IEEE C2–2012. 

(2) Draw-out-type circuit breakers. The 
employer shall ensure that, when em-
ployees remove or insert draw-out-type 
circuit breakers, the breaker is in the 
open position. The employer shall also 
render the control circuit inoperable if 
the design of the equipment permits. 

(3) Substation fences. Conductive 
fences around substations shall be 
grounded. When a substation fence is 
expanded or a section is removed, fence 
sections shall be isolated, grounded, or 
bonded as necessary to protect employ-
ees from hazardous differences in elec-
tric potential. 

NOTE TO PARAGRAPH (u)(3): IEEE Std 80– 
2000, IEEE Guide for Safety in AC Substation 
Grounding, contains guidelines for protection 
against hazardous differences in electric po-
tential. 

(4) Guarding of rooms and other spaces 
containing electric supply equipment. (i) 
Rooms and other spaces in which elec-
tric supply lines or equipment are in-
stalled shall meet the requirements of 
paragraphs (u)(4)(ii) through (u)(4)(v) of 
this section under the following condi-
tions: 

(A) If exposed live parts operating at 
50 to 150 volts to ground are within 2.4 
meters (8 feet) of the ground or other 

working surface inside the room or 
other space, 

(B) If live parts operating at 151 to 
600 volts to ground and located within 
2.4 meters (8 feet) of the ground or 
other working surface inside the room 
or other space are guarded only by lo-
cation, as permitted under paragraph 
(u)(5)(i) of this section, or 

(C) If live parts operating at more 
than 600 volts to ground are within the 
room or other space, unless: 

(1) The live parts are enclosed within 
grounded, metal-enclosed equipment 
whose only openings are designed so 
that foreign objects inserted in these 
openings will be deflected from ener-
gized parts, or 

(2) The live parts are installed at a 
height, above ground and any other 
working surface, that provides protec-
tion at the voltage on the live parts 
corresponding to the protection pro-
vided by a 2.4-meter (8-foot) height at 
50 volts. 

(ii) Fences, screens, partitions, or 
walls shall enclose the rooms and other 
spaces so as to minimize the possibility 
that unqualified persons will enter. 

(iii) Unqualified persons may not 
enter the rooms or other spaces while 
the electric supply lines or equipment 
are energized. 

(iv) The employer shall display signs 
at entrances to the rooms and other 
spaces warning unqualified persons to 
keep out. 

(v) The employer shall keep each en-
trance to a room or other space locked, 
unless the entrance is under the obser-
vation of a person who is attending the 
room or other space for the purpose of 
preventing unqualified employees from 
entering. 

(5) Guarding of energized parts. (i) The 
employer shall provide guards around 
all live parts operating at more than 
150 volts to ground without an insu-
lating covering unless the location of 
the live parts gives sufficient clearance 
(horizontal, vertical, or both) to mini-
mize the possibility of accidental em-
ployee contact. 

NOTE TO PARAGRAPH (u)(5)(i): American Na-
tional Standard National Electrical Safety 
Code, ANSI/IEEE C2–2002 contains guidelines 
for the dimensions of clearance distances 
about electric equipment in substations. In-
stallations meeting the ANSI provisions 
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comply with paragraph (u)(5)(i) of this sec-
tion. The Occupational Safety and Health 
Administration will determine whether an 
installation that does not conform to this 
ANSI standard complies with paragraph 
(u)(5)(i) of this section based on the following 
criteria: 

(1) Whether the installation conforms to 
the edition of ANSI C2 that was in effect 
when the installation was made, 

(2) Whether each employee is isolated from 
energized parts at the point of closest ap-
proach; and 

(3) Whether the precautions taken when 
employees perform work on the installation 
provide protection equivalent to the protec-
tion provided by horizontal and vertical 
clearances meeting ANSI/IEEE C2–2002. 

(ii) Except for fuse replacement and 
other necessary access by qualified per-
sons, the employer shall maintain 
guarding of energized parts within a 
compartment during operation and 
maintenance functions to prevent acci-
dental contact with energized parts 
and to prevent dropped tools or other 
equipment from contacting energized 
parts. 

(iii) Before guards are removed from 
energized equipment, the employer 
shall install barriers around the work 
area to prevent employees who are not 
working on the equipment, but who are 
in the area, from contacting the ex-
posed live parts. 

(6) Substation entry. (i) Upon entering 
an attended substation, each employee, 
other than employees regularly work-
ing in the station, shall report his or 
her presence to the employee in charge 
of substation activities to receive in-
formation on special system conditions 
affecting employee safety. 

(ii) The job briefing required by para-
graph (c) of this section shall cover in-
formation on special system conditions 
affecting employee safety, including 
the location of energized equipment in 
or adjacent to the work area and the 
limits of any deenergized work area. 

(v) Power generation. This paragraph 
provides additional requirements and 
related work practices for power gener-
ating plants. 

(1) Interlocks and other safety devices. 
(i) Interlocks and other safety devices 
shall be maintained in a safe, operable 
condition. 

(ii) No interlock or other safety de-
vice may be modified to defeat its func-

tion, except for test, repair, or adjust-
ment of the device. 

(2) Changing brushes. Before exciter 
or generator brushes are changed while 
the generator is in service, the exciter 
or generator field shall be checked to 
determine whether a ground condition 
exists. The brushes may not be changed 
while the generator is energized if a 
ground condition exists. 

(3) Access and working space. The em-
ployer shall provide and maintain suf-
ficient access and working space about 
electric equipment to permit ready and 
safe operation and maintenance of such 
equipment by employees. 

NOTE TO PARAGRAPH (v)(3) OF THIS SECTION: 
American National Standard National Elec-
trical Safety Code, ANSI/IEEE C2–2012 con-
tains guidelines for the dimensions of access 
and working space about electric equipment 
in substations. Installations meeting the 
ANSI provisions comply with paragraph 
(v)(3) of this section. The Occupational Safe-
ty and Health Administration will determine 
whether an installation that does not con-
form to this ANSI standard complies with 
paragraph (v)(3) of this section based on the 
following criteria: 

(1) Whether the installation conforms to 
the edition of ANSI C2 that was in effect 
when the installation was made; 

(2) Whether the configuration of the instal-
lation enables employees to maintain the 
minimum approach distances, established by 
the employer under paragraph (l)(3)(i) of this 
section, while the employees are working on 
exposed, energized parts, and; 

(3) Whether the precautions taken when 
employees perform work on the installation 
provide protection equivalent to the protec-
tion provided by access and working space 
meeting ANSI/IEEE C2–2012. 

(4) Guarding of rooms and other spaces 
containing electric supply equipment. (i) 
Rooms and other spaces in which elec-
tric supply lines or equipment are in-
stalled shall meet the requirements of 
paragraphs (v)(4)(ii) through (v)(4)(v) of 
this section under the following condi-
tions: 

(A) If exposed live parts operating at 
50 to 150 volts to ground are within 2.4 
meters (8 feet) of the ground or other 
working surface inside the room or 
other space, 

(B) If live parts operating at 151 to 
600 volts to ground and located within 
2.4 meters (8 feet) of the ground or 
other working surface inside the room 
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or other space are guarded only by lo-
cation, as permitted under paragraph 
(v)(5)(i) of this section, or 

(C) If live parts operating at more 
than 600 volts to ground are within the 
room or other space, unless: 

(1) The live parts are enclosed within 
grounded, metal-enclosed equipment 
whose only openings are designed so 
that foreign objects inserted in these 
openings will be deflected from ener-
gized parts, or 

(2 The live parts are installed at a 
height, above ground and any other 
working surface, that provides protec-
tion at the voltage on the live parts 
corresponding to the protection pro-
vided by a 2.4-meter (8-foot) height at 
50 volts. 

(ii) Fences, screens, partitions, or 
walls shall enclose the rooms and other 
spaces so as to minimize the possibility 
that unqualified persons will enter. 

(iii) Unqualified persons may not 
enter the rooms or other spaces while 
the electric supply lines or equipment 
are energized. 

(iv) The employer shall display signs 
at entrances to the rooms and other 
spaces warning unqualified persons to 
keep out. 

(v) The employer shall keep each en-
trance to a room or other space locked, 
unless the entrance is under the obser-
vation of a person who is attending the 
room or other space for the purpose of 
preventing unqualified employees from 
entering. 

(5) Guarding of energized parts. (i) The 
employer shall provide guards around 
all live parts operating at more than 
150 volts to ground without an insu-
lating covering unless the location of 
the live parts gives sufficient clearance 
(horizontal, vertical, or both) to mini-
mize the possibility of accidental em-
ployee contact. 

NOTE TO PARAGRAPH (v)(5)(i): American Na-
tional Standard National Electrical Safety 
Code, ANSI/IEEE C2–2002 contains guidelines 
for the dimensions of clearance distances 
about electric equipment in substations. In-
stallations meeting the ANSI provisions 
comply with paragraph (v)(5)(i) of this sec-
tion. The Occupational Safety and Health 
Administration will determine whether an 
installation that does not conform to this 
ANSI standard complies with paragraph 
(v)(5)(i) of this section based on the following 
criteria: 

(1) Whether the installation conforms to 
the edition of ANSI C2 that was in effect 
when the installation was made; 

(2) Whether each employee is isolated from 
energized parts at the point of closest ap-
proach; and 

(3) Whether the precautions taken when 
employees perform work on the installation 
provide protection equivalent to the protec-
tion provided by horizontal and vertical 
clearances meeting ANSI/IEEE C2–2002. 

(ii) Except for fuse replacement and 
other necessary access by qualified per-
sons, the employer shall maintain 
guarding of energized parts within a 
compartment during operation and 
maintenance functions to prevent acci-
dental contact with energized parts 
and to prevent dropped tools or other 
equipment from contacting energized 
parts. 

(iii) Before guards are removed from 
energized equipment, the employer 
shall install barriers around the work 
area to prevent employees who are not 
working on the equipment, but who are 
in the area, from contacting the ex-
posed live parts. 

(6) Water or steam spaces. The fol-
lowing requirements apply to work in 
water and steam spaces associated with 
boilers: 

(i) A designated employee shall in-
spect conditions before work is per-
mitted and after its completion. Eye 
protection, or full face protection if 
necessary, shall be worn at all times 
when condenser, heater, or boiler tubes 
are being cleaned. 

(ii) Where it is necessary for employ-
ees to work near tube ends during 
cleaning, shielding shall be installed at 
the tube ends. 

(7) Chemical cleaning of boilers and 
pressure vessels. The following require-
ments apply to chemical cleaning of 
boilers and pressure vessels: 

(i) Areas where chemical cleaning is 
in progress shall be cordoned off to re-
strict access during cleaning. If flam-
mable liquids, gases, or vapors or com-
bustible materials will be used or 
might be produced during the cleaning 
process, the following requirements 
also apply: 

(A) The area shall be posted with 
signs restricting entry and warning of 
the hazards of fire and explosion; and 
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(B) Smoking, welding, and other pos-
sible ignition sources are prohibited in 
these restricted areas. 

(ii) The number of personnel in the 
restricted area shall be limited to 
those necessary to accomplish the task 
safely. 

(iii) There shall be ready access to 
water or showers for emergency use. 

NOTE TO PARAGRAPH (v)(7)(iii): See § 1910.141 
for requirements that apply to the water 
supply and to washing facilities. 

(iv) Employees in restricted areas 
shall wear protective equipment meet-
ing the requirements of Subpart I of 
this part and including, but not limited 
to, protective clothing, boots, goggles, 
and gloves. 

(8) Chlorine systems. (i) Chlorine sys-
tem enclosures shall be posted with 
signs restricting entry and warning of 
the hazard to health and the hazards of 
fire and explosion. 

NOTE TO PARAGRAPH (v)(8)(i): See subpart Z 
of this part for requirements necessary to 
protect the health of employees from the ef-
fects of chlorine. 

(ii) Only designated employees may 
enter the restricted area. Additionally, 
the number of personnel shall be lim-
ited to those necessary to accomplish 
the task safely. 

(iii) Emergency repair kits shall be 
available near the shelter or enclosure 
to allow for the prompt repair of leaks 
in chlorine lines, equipment, or con-
tainers. 

(iv) Before repair procedures are 
started, chlorine tanks, pipes, and 
equipment shall be purged with dry air 
and isolated from other sources of chlo-
rine. 

(v) The employer shall ensure that 
chlorine is not mixed with materials 
that would react with the chlorine in a 
dangerously exothermic or other haz-
ardous manner. 

(9) Boilers. (i) Before internal furnace 
or ash hopper repair work is started, 
overhead areas shall be inspected for 
possible falling objects. If the hazard of 
falling objects exists, overhead protec-
tion such as planking or nets shall be 
provided. 

(ii) When opening an operating boiler 
door, employees shall stand clear of the 
opening of the door to avoid the heat 

blast and gases which may escape from 
the boiler. 

(10) Turbine generators. (i) Smoking 
and other ignition sources are prohib-
ited near hydrogen or hydrogen sealing 
systems, and signs warning of the dan-
ger of explosion and fire shall be post-
ed. 

(ii) Excessive hydrogen makeup or 
abnormal loss of pressure shall be con-
sidered as an emergency and shall be 
corrected immediately. 

(iii) A sufficient quantity of inert gas 
shall be available to purge the hydro-
gen from the largest generator. 

(11) Coal and ash handling. (i) Only 
designated persons may operate rail-
road equipment. 

(ii) Before a locomotive or loco-
motive crane is moved, a warning shall 
be given to employees in the area. 

(iii) Employees engaged in switching 
or dumping cars may not use their feet 
to line up drawheads. 

(iv) Drawheads and knuckles may not 
be shifted while locomotives or cars 
are in motion. 

(v) When a railroad car is stopped for 
unloading, the car shall be secured 
from displacement that could endanger 
employees. 

(vi) An emergency means of stopping 
dump operations shall be provided at 
railcar dumps. 

(vii) The employer shall ensure that 
employees who work in coal- or ash- 
handling conveyor areas are trained 
and knowledgeable in conveyor oper-
ation and in the requirements of para-
graphs (v)(11)(viii) through (v)(11)(xii) 
of this section. 

(viii) Employees may not ride a coal- 
or ash-handling conveyor belt at any 
time. Employees may not cross over 
the conveyor belt, except at walkways, 
unless the conveyor’s energy source 
has been deenergized and has been 
locked out or tagged in accordance 
with paragraph (d) of this section. 

(ix) A conveyor that could cause in-
jury when started may not be started 
until personnel in the area are alerted 
by a signal or by a designated person 
that the conveyor is about to start. 

(x) If a conveyor that could cause in-
jury when started is automatically 
controlled or is controlled from a re-
mote location, an audible device shall 
be provided that sounds an alarm that 
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will be recognized by each employee as 
a warning that the conveyor will start 
and that can be clearly heard at all 
points along the conveyor where per-
sonnel may be present. The warning de-
vice shall be actuated by the device 
starting the conveyor and shall con-
tinue for a period of time before the 
conveyor starts that is long enough to 
allow employees to move clear of the 
conveyor system. A visual warning 
may be used in place of the audible de-
vice if the employer can demonstrate 
that it will provide an equally effective 
warning in the particular cir-
cumstances involved. However if the 
employer can demonstrate that the 
system’s function would be seriously 
hindered by the required time delay, 
warning signs may be provided in place 
of the audible warning device. If the 
system was installed before January 31, 
1995, warning signs may be provided in 
place of the audible warning device 
until such time as the conveyor or its 
control system is rebuilt or rewired. 
These warning signs shall be clear, con-
cise, and legible and shall indicate that 
conveyors and allied equipment may be 
started at any time, that danger exists, 
and that personnel must keep clear. 
These warning signs shall be provided 
along the conveyor at areas not guard-
ed by position or location. 

(xi) Remotely and automatically con-
trolled conveyors, and conveyors that 
have operating stations which are not 
manned or which are beyond voice and 
visual contact from drive areas, load-
ing areas, transfer points, and other lo-
cations on the conveyor path not 
guarded by location, position, or 
guards shall be furnished with emer-
gency stop buttons, pull cords, limit 
switches, or similar emergency stop de-
vices. However, if the employer can 
demonstrate that the design, function, 
and operation of the conveyor do not 
expose an employee to hazards, an 
emergency stop device is not required. 

(A) Emergency stop devices shall be 
easily identifiable in the immediate vi-
cinity of such locations. 

(B) An emergency stop device shall 
act directly on the control of the con-
veyor involved and may not depend on 
the stopping of any other equipment. 

(C) Emergency stop devices shall be 
installed so that they cannot be over-
ridden from other locations. 

(xii) Where coal-handling operations 
may produce a combustible atmosphere 
from fuel sources or from flammable 
gases or dust, sources of ignition shall 
be eliminated or safely controlled to 
prevent ignition of the combustible at-
mosphere. 

NOTE TO PARAGRAPH (v)(11)(xii): Locations 
that are hazardous because of the presence of 
combustible dust are classified as Class II 
hazardous locations. See § 1910.307. 

(xiii) An employee may not work on 
or beneath overhanging coal in coal 
bunkers, coal silos, or coal storage 
areas, unless the employee is protected 
from all hazards posed by shifting coal. 

(xiv) An employee entering a bunker 
or silo to dislodge the contents shall 
wear a body harness with lifeline at-
tached. The lifeline shall be secured to 
a fixed support outside the bunker and 
shall be attended at all times by an 
employee located outside the bunker or 
facility. 

(12) Hydroplants and equipment. Em-
ployees working on or close to water 
gates, valves, intakes, forebays, 
flumes, or other locations where in-
creased or decreased water flow or lev-
els may pose a significant hazard shall 
be warned and shall vacate such dan-
gerous areas before water flow changes 
are made. 

(w) Special conditions—(1) Capacitors. 
The following additional requirements 
apply to work on capacitors and on 
lines connected to capacitors. 

NOTE TO PARAGRAPH (w)(1): See paragraphs 
(m) and (n) of this section for requirements 
pertaining to the deenergizing and grounding 
of capacitor installations. 

(i) Before employees work on capaci-
tors, the employer shall disconnect the 
capacitors from energized sources and 
short circuit the capacitors. The em-
ployer shall ensure that the employee 
short circuiting the capacitors waits at 
least 5 minutes from the time of dis-
connection before applying the short 
circuit, 

(ii) Before employees handle the 
units, the employer shall short circuit 
each unit in series-parallel capacitor 
banks between all terminals and the 
capacitor case or its rack. If the cases 
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of capacitors are on ungrounded sub-
station racks, the employer shall bond 
the racks to ground. 

(iii) The employer shall short circuit 
any line connected to capacitors before 
the line is treated as deenergized. 

(2) Current transformer secondaries. 
The employer shall ensure that em-
ployees do not open the secondary of a 
current transformer while the trans-
former is energized. If the employer 
cannot deenergize the primary of the 
current transformer before employees 
perform work on an instrument, a 
relay, or other section of a current 
transformer secondary circuit, the em-
ployer shall bridge the circuit so that 
the current transformer secondary does 
not experience an open-circuit condi-
tion. 

(3) Series streetlighting. (i) If the open- 
circuit voltage exceeds 600 volts, the 
employer shall ensure that employees 
work on series streetlighting circuits 
in accordance with paragraph (q) or (t) 
of this section, as appropriate. 

(ii) Before any employee opens a se-
ries loop, the employer shall deenergize 
the streetlighting transformer and iso-
late it from the source of supply or 
shall bridge the loop to avoid an open- 
circuit condition. 

(4) Illumination. The employer shall 
provide sufficient illumination to en-
able the employee to perform the work 
safely. 

(5) Protection against drowning. (i) 
Whenever an employee may be pulled 
or pushed, or might fall, into water 
where the danger of drowning exists, 
the employer shall provide the em-
ployee with, and shall ensure that the 
employee uses, a U.S. Coast Guard-ap-
proved personal flotation device. 

(ii) The employer shall maintain 
each personal flotation device in safe 
condition and shall inspect each per-
sonal flotation device frequently 
enough to ensure that it does not have 
rot, mildew, water saturation, or any 
other condition that could render the 
device unsuitable for use. 

(iii) An employee may cross streams 
or other bodies of water only if a safe 
means of passage, such as a bridge, is 
available. 

(6) Employee protection in public work 
areas. (i) Traffic-control signs and traf-
fic-control devices used for the protec-

tion of employees shall meet 
§ 1926.200(g)(2) of this chapter. 

(ii) Before employees begin work in 
the vicinity of vehicular or pedestrian 
traffic that may endanger them, the 
employer shall place warning signs or 
flags and other traffic-control devices 
in conspicuous locations to alert and 
channel approaching traffic. 

(iii) The employer shall use barri-
cades where additional employee pro-
tection is necessary. 

(iv) The employer shall protect exca-
vated areas with barricades. 

(v) The employer shall display warn-
ing lights prominently at night. 

(7) Backfeed. When there is a possi-
bility of voltage backfeed from sources 
of cogeneration or from the secondary 
system (for example, backfeed from 
more than one energized phase feeding 
a common load), the requirements of 
paragraph (l) of this section apply if 
employees will work the lines or equip-
ment as energized, and the require-
ments of paragraphs (m) and (n) of this 
section apply if employees will work 
the lines or equipment as deenergized. 

(8) Lasers. The employer shall install, 
adjust, and operate laser equipment in 
accordance with § 1926.54 of this chap-
ter. 

(9) Hydraulic fluids. Hydraulic fluids 
used for the insulated sections of 
equipment shall provide insulation for 
the voltage involved. 

(x) Definitions. 
Affected employee. An employee whose 

job requires him or her to operate or 
use a machine or equipment on which 
servicing or maintenance is being per-
formed under lockout or tagout, or 
whose job requires him or her to work 
in an area in which such servicing or 
maintenance is being performed. 

Attendant. An employee assigned to 
remain immediately outside the en-
trance to an enclosed or other space to 
render assistance as needed to employ-
ees inside the space. 

Authorized employee. An employee 
who locks out or tags out machines or 
equipment in order to perform serv-
icing or maintenance on that machine 
or equipment. An affected employee be-
comes an authorized employee when 
that employee’s duties include per-
forming servicing or maintenance cov-
ered under this section. 
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Automatic circuit recloser. A self-con-
trolled device for automatically inter-
rupting and reclosing an alternating- 
current circuit, with a predetermined 
sequence of opening and reclosing fol-
lowed by resetting, hold closed, or 
lockout. 

Barricade. A physical obstruction 
such as tapes, cones, or A-frame type 
wood or metal structures that provides 
a warning about, and limits access to, 
a hazardous area. 

Barrier. A physical obstruction that 
prevents contact with energized lines 
or equipment or prevents unauthorized 
access to a work area. 

Bond. The electrical interconnection 
of conductive parts designed to main-
tain a common electric potential. 

Bus. A conductor or a group of con-
ductors that serve as a common con-
nection for two or more circuits. 

Bushing. An insulating structure that 
includes a through conductor or that 
provides a passageway for such a con-
ductor, and that, when mounted on a 
barrier, insulates the conductor from 
the barrier for the purpose of con-
ducting current from one side of the 
barrier to the other. 

Cable. A conductor with insulation, 
or a stranded conductor with or with-
out insulation and other coverings (sin-
gle-conductor cable), or a combination 
of conductors insulated from one an-
other (multiple-conductor cable). 

Cable sheath. A conductive protective 
covering applied to cables. 

NOTE TO THE DEFINITION OF ‘‘CABLE 
SHEATH’’: A cable sheath may consist of mul-
tiple layers one or more of which is conduc-
tive. 

Circuit. A conductor or system of con-
ductors through which an electric cur-
rent is intended to flow. 

Clearance (between objects). The clear 
distance between two objects measured 
surface to surface. 

Clearance (for work). Authorization to 
perform specified work or permission 
to enter a restricted area. 

Communication lines. (See Lines; (1) 
Communication lines.) 

Conductor. A material, usually in the 
form of a wire, cable, or bus bar, used 
for carrying an electric current. 

Contract employer. An employer, other 
than a host employer, that performs 

work covered by this section under 
contract. 

Covered conductor. A conductor cov-
ered with a dielectric having no rated 
insulating strength or having a rated 
insulating strength less than the volt-
age of the circuit in which the con-
ductor is used. 

Current-carrying part. A conducting 
part intended to be connected in an 
electric circuit to a source of voltage. 
Non-current-carrying parts are those 
not intended to be so connected. 

Deenergized. Free from any electrical 
connection to a source of potential dif-
ference and from electric charge; not 
having a potential that is different 
from the potential of the earth. 

NOTE TO THE DEFINITION OF ‘‘DEENERGIZED’’: 
The term applies only to current-carrying 
parts, which are sometimes energized (alive). 

Designated employee (designated per-
son). An employee (or person) who is 
assigned by the employer to perform 
specific duties under the terms of this 
section and who has sufficient knowl-
edge of the construction and operation 
of the equipment, and the hazards in-
volved, to perform his or her duties 
safely. 

Electric line truck. A truck used to 
transport personnel, tools, and mate-
rial for electric supply line work. 

Electric supply equipment. Equipment 
that produces, modifies, regulates, con-
trols, or safeguards a supply of electric 
energy. 

Electric supply lines. (See Lines; (2) 
Electric supply lines.) 

Electric utility. An organization re-
sponsible for the installation, oper-
ation, or maintenance of an electric 
supply system. 

Enclosed space. A working space, such 
as a manhole, vault, tunnel, or shaft, 
that has a limited means of egress or 
entry, that is designed for periodic em-
ployee entry under normal operating 
conditions, and that, under normal 
conditions, does not contain a haz-
ardous atmosphere, but may contain a 
hazardous atmosphere under abnormal 
conditions. 

NOTE TO THE DEFINITION OF ‘‘ENCLOSED 
SPACE’’: The Occupational Safety and Health 
Administration does not consider spaces that 
are enclosed but not designed for employee 
entry under normal operating conditions to 
be enclosed spaces for the purposes of this 
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section. Similarly, the Occupational Safety 
and Health Administration does not consider 
spaces that are enclosed and that are ex-
pected to contain a hazardous atmosphere to 
be enclosed spaces for the purposes of this 
section. Such spaces meet the definition of 
permit spaces in § 1910.146, and entry into 
them must conform to that standard. 

Energized (alive, live). Electrically 
connected to a source of potential dif-
ference, or electrically charged so as to 
have a potential significantly different 
from that of earth in the vicinity. 

Energy isolating device. A physical de-
vice that prevents the transmission or 
release of energy, including, but not 
limited to, the following: a manually 
operated electric circuit breaker, a dis-
connect switch, a manually operated 
switch, a slide gate, a slip blind, a line 
valve, blocks, and any similar device 
with a visible indication of the position 
of the device. (Push buttons, selector 
switches, and other control-circuit- 
type devices are not energy isolating 
devices.) 

Energy source. Any electrical, me-
chanical, hydraulic, pneumatic, chem-
ical, nuclear, thermal, or other energy 
source that could cause injury to em-
ployees. 

Entry (as used in paragraph (e) of this 
section). The action by which a person 
passes through an opening into an en-
closed space. Entry includes ensuing 
work activities in that space and is 
considered to have occurred as soon as 
any part of the entrant’s body breaks 
the plane of an opening into the space. 

Equipment (electric). A general term 
including material, fittings, devices, 
appliances, fixtures, apparatus, and the 
like used as part of or in connection 
with an electrical installation. 

Exposed, Exposed to contact (as applied 
to energized parts). Not isolated or 
guarded. 

Fall restraint system. A fall protection 
system that prevents the user from 
falling any distance. 

First-aid training. Training in the ini-
tial care, including cardiopulmonary 
resuscitation (which includes chest 
compressions, rescue breathing, and, as 
appropriate, other heart and lung re-
suscitation techniques), performed by a 
person who is not a medical practi-
tioner, of a sick or injured person until 
definitive medical treatment can be ad-
ministered. 

Ground. A conducting connection, 
whether planned or unplanned, between 
an electric circuit or equipment and 
the earth, or to some conducting body 
that serves in place of the earth. 

Grounded. Connected to earth or to 
some conducting body that serves in 
place of the earth. 

Guarded. Covered, fenced, enclosed, 
or otherwise protected, by means of 
suitable covers or casings, barrier rails 
or screens, mats, or platforms, de-
signed to minimize the possibility, 
under normal conditions, of dangerous 
approach or inadvertent contact by 
persons or objects. 

NOTE TO THE DEFINITION OF ‘‘GUARDED’’: 
Wires that are insulated, but not otherwise 
protected, are not guarded. 

Hazardous atmosphere. An atmosphere 
that may expose employees to the risk 
of death, incapacitation, impairment of 
ability to self-rescue (that is, escape 
unaided from an enclosed space), in-
jury, or acute illness from one or more 
of the following causes: 

(1) Flammable gas, vapor, or mist in 
excess of 10 percent of its lower flam-
mable limit (LFL); 

(2) Airborne combustible dust at a 
concentration that meets or exceeds its 
LFL; 

NOTE TO THE DEFINITION OF ‘‘HAZARDOUS AT-
MOSPHERE’’ (2): This concentration may be 
approximated as a condition in which the 
dust obscures vision at a distance of 1.52 me-
ters (5 feet) or less. 

(3) Atmospheric oxygen concentra-
tion below 19.5 percent or above 23.5 
percent; 

(4) Atmospheric concentration of any 
substance for which a dose or a permis-
sible exposure limit is published in sub-
part G, Occupational Health and Envi-
ronmental Control, or in Subpart Z, 
Toxic and Hazardous Substances, of this 
part and which could result in em-
ployee exposure in excess of its dose or 
permissible exposure limit; 

NOTE TO THE DEFINITION OF ‘‘HAZARDOUS AT-
MOSPHERE’’ (4): An atmospheric concentra-
tion of any substance that is not capable of 
causing death, incapacitation, impairment of 
ability to self-rescue, injury, or acute illness 
due to its health effects is not covered by 
this provision. 
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(5) Any other atmospheric condition 
that is immediately dangerous to life 
or health. 

NOTE TO THE DEFINITION OF ‘‘HAZARDOUS AT-
MOSPHERE’’ (5): For air contaminants for 
which the Occupational Safety and Health 
Administration has not determined a dose or 
permissible exposure limit, other sources of 
information, such as Safety Data Sheets 
(SDS) that comply with the Hazard Commu-
nication Standard, § 1910.1200, published in-
formation, and internal documents can pro-
vide guidance in establishing acceptable at-
mospheric conditions. 

High-power tests. Tests in which the 
employer uses fault currents, load cur-
rents, magnetizing currents, and line- 
dropping currents to test equipment, 
either at the equipment’s rated voltage 
or at lower voltages. 

High-voltage tests. Tests in which the 
employer uses voltages of approxi-
mately 1,000 volts as a practical min-
imum and in which the voltage source 
has sufficient energy to cause injury. 

High wind. A wind of such velocity 
that one or more of the following haz-
ards would be present: 

(1) The wind could blow an employee 
from an elevated location, 

(2) The wind could cause an employee 
or equipment handling material to lose 
control of the material, or 

(3) The wind would expose an em-
ployee to other hazards not controlled 
by the standard involved. 

NOTE TO THE DEFINITION OF ‘‘HIGH WIND’’: 
The Occupational Safety and Health Admin-
istration normally considers winds exceeding 
64.4 kilometers per hour (40 miles per hour), 
or 48.3 kilometers per hour (30 miles per 
hour) if the work involves material handling, 
as meeting this criteria, unless the employer 
takes precautions to protect employees from 
the hazardous effects of the wind. 

Host employer. An employer that op-
erates, or that controls the operating 
procedures for, an electric power gen-
eration, transmission, or distribution 
installation on which a contract em-
ployer is performing work covered by 
this section. 

NOTE TO THE DEFINITION OF ‘‘HOST EM-
PLOYER’’: The Occupational Safety and 
Health Administration will treat the electric 
utility or the owner of the installation as 
the host employer if it operates or controls 
operating procedures for the installation. If 
the electric utility or installation owner nei-
ther operates nor controls operating proce-

dures for the installation, the Occupational 
Safety and Health Administration will treat 
the employer that the utility or owner has 
contracted with to operate or control the op-
erating procedures for the installation as the 
host employer. In no case will there be more 
than one host employer. 

Immediately dangerous to life or health 
(IDLH). Any condition that poses an 
immediate or delayed threat to life or 
that would cause irreversible adverse 
health effects or that would interfere 
with an individual’s ability to escape 
unaided from a permit space. 

NOTE TO THE DEFINITION OF ‘‘IMMEDIATELY 
DANGEROUS TO LIFE OR HEALTH’’: Some mate-
rials—hydrogen fluoride gas and cadmium 
vapor, for example—may produce immediate 
transient effects that, even if severe, may 
pass without medical attention, but are fol-
lowed by sudden, possibly fatal collapse 12–72 
hours after exposure. The victim ‘‘feels nor-
mal’’ from recovery from transient effects 
until collapse. Such materials in hazardous 
quantities are considered to be ‘‘imme-
diately’’ dangerous to life or health. 

Insulated. Separated from other con-
ducting surfaces by a dielectric (in-
cluding air space) offering a high re-
sistance to the passage of current. 

NOTE TO THE DEFINITION OF ‘‘INSULATED’’: 
When any object is said to be insulated, it is 
understood to be insulated for the conditions 
to which it normally is subjected. Otherwise, 
it is, for the purpose of this section, 
uninsulated. 

Insulation (cable). Material relied 
upon to insulate the conductor from 
other conductors or conducting parts 
or from ground. 

Isolated. Not readily accessible to 
persons unless special means for access 
are used. 

Line-clearance tree trimmer. An em-
ployee who, through related training or 
on-the-job experience or both, is famil-
iar with the special techniques and 
hazards involved in line-clearance tree 
trimming. 

NOTE 1 TO THE DEFINITION OF ‘‘LINE-CLEAR-
ANCE TREE TRIMMER’’: An employee who is 
regularly assigned to a line-clearance tree- 
trimming crew and who is undergoing on- 
the-job training and who, in the course of 
such training, has demonstrated an ability 
to perform duties safely at his or her level of 
training and who is under the direct super-
vision of a line-clearance tree trimmer is 
considered to be a line-clearance tree trim-
mer for the performance of those duties. 
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NOTE 2 TO THE DEFINITION OF ‘‘LINE-CLEAR-
ANCE TREE TRIMMER’’: A line-clearance tree 
trimmer is not considered to be a ‘‘qualified 
employee’’ under this section unless he or 
she has the training required for a qualified 
employee under paragraph (a)(2)(ii) of this 
section. However, under the electrical safe-
ty-related work practices standard in sub-
part S of this part, a line-clearance tree 
trimmer is considered to be a ‘‘qualified em-
ployee.’’ Tree trimming performed by such 
‘‘qualified employees’’ is not subject to the 
electrical safety-related work practice re-
quirements contained in §§ 1910.331 through 
1910.335 when it is directly associated with 
electric power generation, transmission, or 
distribution lines or equipment. (See 
§ 1910.331 for requirements on the applica-
bility of the electrical safety-related work 
practice requirements contained in §§ 1910.331 
through 1910.335 to line-clearance tree trim-
ming performed by such ‘‘qualified employ-
ees,’’ and see the note following 
§ 1910.332(b)(3) for information regarding the 
training an employee must have to be con-
sidered a qualified employee under §§ 1910.331 
through 1910.335.) 

Line-clearance tree trimming. The 
pruning, trimming, repairing, main-
taining, removing, or clearing of trees, 
or the cutting of brush, that is within 
the following distance of electric sup-
ply lines and equipment: 

(1) For voltages to ground of 50 kilo-
volts or less—3.05 meters (10 feet); 

(2) For voltages to ground of more 
than 50 kilovolts—3.05 meters (10 feet) 
plus 0.10 meters (4 inches) for every 10 
kilovolts over 50 kilovolts. 

NOTE TO THE DEFINITION OF ‘‘LINE-CLEAR-
ANCE TREE TRIMMING’’: This section applies 
only to line-clearance tree trimming per-
formed for the purpose of clearing space 
around electric power generation, trans-
mission, or distribution lines or equipment 
and on behalf of an organization that oper-
ates, or that controls the operating proce-
dures for, those lines or equipment. See para-
graph (a)(1) of this section. Tree trimming 
performed on behalf of a homeowner or com-
mercial entity other than an organization 
that operates, or that controls the operating 
procedures for, electric power generation, 
transmission, or distribution lines or equip-
ment is not directly associated with an elec-
tric power generation, transmission, or dis-
tribution installation and is outside the 
scope of this section. In addition, tree trim-
ming that is not for the purpose of clearing 
space around electric power generation, 
transmission, or distribution lines or equip-
ment is not directly associated with an elec-
tric power generation, transmission, or dis-
tribution installation and is outside the 

scope of this section. Such tree trimming 
may be covered by other applicable stand-
ards. See, for example, §§ 1910.268 and 1910.331 
through 1910.335. 

Lines—(1) Communication lines. The 
conductors and their supporting or 
containing structures which are used 
for public or private signal or commu-
nication service, and which operate at 
potentials not exceeding 400 volts to 
ground or 750 volts between any two 
points of the circuit, and the trans-
mitted power of which does not exceed 
150 watts. If the lines are operating at 
less than 150 volts, no limit is placed 
on the transmitted power of the sys-
tem. Under certain conditions, commu-
nication cables may include commu-
nication circuits exceeding these limi-
tations where such circuits are also 
used to supply power solely to commu-
nication equipment. 

NOTE TO THE DEFINITION OF ‘‘COMMUNICA-
TION LINES’’: Telephone, telegraph, railroad 
signal, data, clock, fire, police alarm, cable 
television, and other systems conforming to 
this definition are included. Lines used for 
signaling purposes, but not included under 
this definition, are considered as electric 
supply lines of the same voltage. 

(2) Electric supply lines. Conductors 
used to transmit electric energy and 
their necessary supporting or con-
taining structures. Signal lines of more 
than 400 volts are always supply lines 
within this section, and those of less 
than 400 volts are considered as supply 
lines, if so run and operated through-
out. 

Manhole. A subsurface enclosure that 
personnel may enter and that is used 
for installing, operating, and maintain-
ing submersible equipment or cable. 

Minimum approach distance. The clos-
est distance an employee may approach 
an energized or a grounded object. 

NOTE TO THE DEFINITION OF ‘‘MINIMUM AP-
PROACH DISTANCE’’: Paragraph (l)(3)(i) of this 
section requires employers to establish min-
imum approach distances. 

Personal fall arrest system. A system 
used to arrest an employee in a fall 
from a working level. 

Qualified employee (qualified person). 
An employee (person) knowledgeable in 
the construction and operation of the 
electric power generation, trans-
mission, and distribution equipment 
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involved, along with the associated 
hazards. 

NOTE 1 TO THE DEFINITION OF ‘‘QUALIFIED 
EMPLOYEE (QUALIFIED PERSON)’’: An employee 
must have the training required by (a)(2)(ii) 
of this section to be a qualified employee. 

NOTE 2 TO THE DEFINITION OF ‘‘QUALIFIED 
EMPLOYEE (QUALIFIED PERSON)’’: Except under 
(g)(2)(iv)(C)(2) and (g)(2)(iv)(C)(3) of this sec-
tion, an employee who is undergoing on-the- 
job training and who has demonstrated, in 
the course of such training, an ability to per-
form duties safely at his or her level of train-
ing and who is under the direct supervision 
of a qualified person is a qualified person for 
the performance of those duties. 

Statistical sparkover voltage. A tran-
sient overvoltage level that produces a 
97.72-percent probability of sparkover 
(that is, two standard deviations above 
the voltage at which there is a 50-per-
cent probability of sparkover). 

Statistical withstand voltage. A tran-
sient overvoltage level that produces a 
0.14-percent probability of sparkover 
(that is, three standard deviations 
below the voltage at which there is a 
50-percent probability of sparkover). 

Switch. A device for opening and clos-
ing or for changing the connection of a 
circuit. In this section, a switch is 
manually operable, unless otherwise 
stated. 

System operator. A qualified person 
designated to operate the system or its 
parts. 

Vault. An enclosure, above or below 
ground, that personnel may enter and 
that is used for installing, operating, 
or maintaining equipment or cable. 

Vented vault. A vault that has provi-
sion for air changes using exhaust-flue 

stacks and low-level air intakes oper-
ating on pressure and temperature dif-
ferentials that provide for airflow that 
precludes a hazardous atmosphere from 
developing. 

Voltage. The effective (root mean 
square, or rms) potential difference be-
tween any two conductors or between a 
conductor and ground. This section ex-
presses voltages in nominal values, un-
less otherwise indicated. The nominal 
voltage of a system or circuit is the 
value assigned to a system or circuit of 
a given voltage class for the purpose of 
convenient designation. The operating 
voltage of the system may vary above 
or below this value. 

Work-positioning equipment. A body 
belt or body harness system rigged to 
allow an employee to be supported on 
an elevated vertical surface, such as a 
utility pole or tower leg, and work 
with both hands free while leaning. 

APPENDIX A TO § 1910.269—FLOW CHARTS 

This appendix presents information, in the 
form of flow charts, that illustrates the 
scope and application of § 1910.269. This ap-
pendix addresses the interface between 
§ 1910.269 and Subpart S of this Part (Elec-
trical), between § 1910.269 and § 1910.146 (Per-
mit-required confined spaces), and between 
§ 1910.269 and § 1910.147 (The control of haz-
ardous energy (lockout/tagout)). These flow 
charts provide guidance for employers trying 
to implement the requirements of § 1910.269 
in combination with other General Industry 
Standards contained in Part 1910. Employers 
should always consult the relevant stand-
ards, in conjunction with this appendix, to 
ensure compliance with all applicable re-
quirements. 
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APPENDIX A-2 TO § 1910.269—APPLICATION OF § 1910.269 AND SUBPART S OF THIS PART TO 
ELECTRICAL SAFETY-RELATED WORK PRACTICES1 
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TABLE 1—ELECTRICAL SAFETY REQUIREMENTS IN § 1910.269 

Compliance with Subpart S will comply with these paragraphs of § 1910.269 1 Paragraphs that apply regardless of 
compliance with Subpart S 2 

(d), electric-shock hazards only ...................................................................................... (a)(2), (a)(3) and (a)(4). 
(h)(3) ................................................................................................................................ (b) 
(i)(2) and (i)(3) ................................................................................................................. (c) 
(k) ..................................................................................................................................... (d), for other than electric-shock haz-

ards. 
(l)(1) through (l)(5), (l)(7), and (l)(10) through (l)(12) ...................................................... (e) 
(m) ................................................................................................................................... (f) 
(p)(4) ................................................................................................................................ (g) 
(s)(2) ................................................................................................................................ (h)(1) and (h)(2). 
(u)(1) and (u)(3) through (u)(5) ....................................................................................... (i)(4) 
(v)(3) through (v)(5) ......................................................................................................... (j) 
(w)(1) and (w)(7) .............................................................................................................. (l)(6), (l)(8) and (l)(9). 

(n) 
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TABLE 1—ELECTRICAL SAFETY REQUIREMENTS IN § 1910.269—Continued 

Compliance with Subpart S will comply with these paragraphs of § 1910.269 1 Paragraphs that apply regardless of 
compliance with Subpart S 2 

(o) 
(p)(1) through (p)(3). 
(q) 
(r) 
(s)(1) 
(t) 
(u)(2) and (u)(6) 
(v)(1), (v)(2), and (v)(6) through (v)(12). 
(w)(2) through (w)(6), (w)(8), and (w)(9). 

1 If the electrical installation meets the requirements of §§ 1910.302 through 1910.308 of this part, then the electrical installa-
tion and any associated electrical safety-related work practices conforming to §§ 1910.332 through 1910.335 of this part are con-
sidered to comply with these provisions of § 1910.269 of this part. 

2 These provisions include electrical safety and other requirements that must be met regardless of compliance with subpart S 
of this part. 
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1 Federal, State, and local regulatory bod-
ies and electric utilities set reliability re-
quirements that limit the number and dura-
tion of system outages. 

APPENDIX B TO § 1910.269—WORKING ON 
EXPOSED ENERGIZED PARTS 

I. INTRODUCTION 

Electric utilities design electric power gen-
eration, transmission, and distribution in-
stallations to meet National Electrical Safe-
ty Code (NESC), ANSI C2, requirements. 
Electric utilities also design transmission 
and distribution lines to limit line outages 
as required by system reliability criteria 1 
and to withstand the maximum overvoltages 
impressed on the system. Conditions such as 
switching surges, faults, and lightning can 
cause overvoltages. Electric utilities gen-
erally select insulator design and lengths 
and the clearances to structural parts so as 

to prevent outages from contaminated line 
insulation and during storms. Line insulator 
lengths and structural clearances have, over 
the years, come closer to the minimum ap-
proach distances used by workers. As min-
imum approach distances and structural 
clearances converge, it is increasingly im-
portant that system designers and system 
operating and maintenance personnel under-
stand the concepts underlying minimum ap-
proach distances. 

The information in this appendix will as-
sist employers in complying with the min-
imum approach-distance requirements con-
tained in § 1910.269(l)(3) and (q)(3). Employers 
must use the technical criteria and method-
ology presented in this appendix in estab-
lishing minimum approach distances in ac-
cordance with § 1910.269(l)(3)(i) and Table R–3 
and Table R–8. This appendix provides essen-
tial background information and technical 
criteria for the calculation of the required 
minimum approach distances for live-line 
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2 Sparkover is a disruptive electric dis-
charge in which an electric arc forms and 
electric current passes through air. 

work on electric power generation, trans-
mission, and distribution installations. 

Unless an employer is using the maximum 
transient overvoltages specified in Table R– 
9 for voltages over 72.5 kilovolts, the em-
ployer must use persons knowledgeable in 
the techniques discussed in this appendix, 
and competent in the field of electric trans-
mission and distribution system design, to 
determine the maximum transient over-
voltage. 

II. GENERAL 

A. Definitions. The following definitions 
from § 1910.269(x) relate to work on or near 
electric power generation, transmission, and 
distribution lines and equipment and the 
electrical hazards they present. 

Exposed. . . . Not isolated or guarded. 
Guarded. Covered, fenced, enclosed, or oth-

erwise protected, by means of suitable covers 
or casings, barrier rails or screens, mats, or 
platforms, designed to minimize the possi-
bility, under normal conditions, of dangerous 
approach or inadvertent contact by persons 
or objects. 

NOTE TO THE DEFINITION OF ‘‘GUARDED’’: 
Wires that are insulated, but not otherwise 
protected, are not guarded. 

Insulated. Separated from other conducting 
surfaces by a dielectric (including air space) 
offering a high resistance to the passage of 
current. 

NOTE TO THE DEFINITION OF ‘‘INSULATED’’: 
When any object is said to be insulated, it is 
understood to be insulated for the conditions 
to which it normally is subjected. Otherwise, 
it is, for the purpose of this section, 
uninsulated. 

Isolated. Not readily accessible to persons 
unless special means for access are used. 

Statistical sparkover voltage. A transient 
overvoltage level that produces a 97.72-per-
cent probability of sparkover (that is, two 
standard deviations above the voltage at 
which there is a 50-percent probability of 
sparkover). 

Statistical withstand voltage. A transient 
overvoltage level that produces a 0.14-per-
cent probability of sparkover (that is, three 
standard deviations below the voltage at 
which there is a 50-percent probability of 
sparkover). 

B. Installations energized at 50 to 300 volts. 
The hazards posed by installations energized 
at 50 to 300 volts are the same as those found 
in many other workplaces. That is not to say 
that there is no hazard, but the complexity 
of electrical protection required does not 
compare to that required for high-voltage 
systems. The employee must avoid contact 
with the exposed parts, and the protective 
equipment used (such as rubber insulating 
gloves) must provide insulation for the 
voltages involved. 

C. Exposed energized parts over 300 volts AC. 
Paragraph (l)(3)(i) of § 1910.269 requires the 
employer to establish minimum approach 
distances no less than the distances com-
puted by Table R–3 for ac systems so that 
employees can work safely without risk of 
sparkover.2 

Unless the employee is using electrical 
protective equipment, air is the insulating 
medium between the employee and energized 
parts. The distance between the employee 
and an energized part must be sufficient for 
the air to withstand the maximum transient 
overvoltage that can reach the worksite 
under the working conditions and practices 
the employee is using. This distance is the 
minimum air insulation distance, and it is 
equal to the electrical component of the 
minimum approach distance. 

Normal system design may provide or in-
clude a means (such as lightning arrestors) 
to control maximum anticipated transient 
overvoltages, or the employer may use tem-
porary devices (portable protective gaps) or 
measures (such as preventing automatic cir-
cuit breaker reclosing) to achieve the same 
result. Paragraph (l)(3)(ii) of § 1910.269 re-
quires the employer to determine the max-
imum anticipated per-unit transient over-
voltage, phase-to-ground, through an engi-
neering analysis or assume a maximum an-
ticipated per-unit transient overvoltage, 
phase-to-ground, in accordance with Table 
R–9, which specifies the following maximums 
for ac systems: 

72.6 to 420.0 kilovolts—3.5 per unit 
420.1 to 550.0 kilovolts—3.0 per unit 
550.1 to 800.0 kilovolts—2.5 per unit 

See paragraph IV.A.2, later in this appen-
dix, for additional discussion of maximum 
transient overvoltages. 

D. Types of exposures. Employees working 
on or near energized electric power genera-
tion, transmission, and distribution systems 
face two kinds of exposures: Phase-to-ground 
and phase-to-phase. The exposure is phase- 
to-ground: (1) With respect to an energized 
part, when the employee is at ground poten-
tial or (2) with respect to ground, when an 
employee is at the potential of the energized 
part during live-line barehand work. The ex-
posure is phase-to-phase, with respect to an 
energized part, when an employee is at the 
potential of another energized part (at a dif-
ferent potential) during live-line barehand 
work. 
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3 The withstand voltage is the voltage at 
which sparkover is not likely to occur across 
a specified distance. It is the voltage taken 

at the 3s point below the sparkover voltage, 
assuming that the sparkover curve follows a 
normal distribution. 

III. DETERMINATION OF MINIMUM APPROACH 
DISTANCES FOR AC VOLTAGES GREATER 
THAN 300 VOLTS 

A. Voltages of 301 to 5,000 volts. Test data 
generally forms the basis of minimum air in-
sulation distances. The lowest voltage for 
which sufficient test data exists is 5,000 
volts, and these data indicate that the min-
imum air insulation distance at that voltage 
is 20 millimeters (1 inch). Because the min-
imum air insulation distance increases with 
increasing voltage, and, conversely, de-
creases with decreasing voltage, an assumed 
minimum air insulation distance of 20 milli-
meters will protect against sparkover at 
voltages of 301 to 5,000 volts. Thus, 20 milli-
meters is the electrical component of the 
minimum approach distance for these 
voltages. 

B. Voltages of 5.1 to 72.5 kilovolts. For 
voltages from 5.1 to 72.5 kilovolts, the Occu-
pational Safety and Health Administration 
bases the methodology for calculating the 
electrical component of the minimum ap-
proach distance on Institute of Electrical 
and Electronic Engineers (IEEE) Standard 4– 
1995, Standard Techniques for High-Voltage 
Testing. Table 1 lists the critical sparkover 
distances from that standard as listed in 
IEEE Std 516–2009, IEEE Guide for Mainte-
nance Methods on Energized Power Lines. 

TABLE 1—SPARKOVER DISTANCE FOR ROD-TO- 
ROD GAP 

60 Hz Rod-to-Rod sparkover 
(kV peak) 

Gap spacing 
from IEEE Std 

4–1995 
(cm) 

25 ............................................................... 2 
36 ............................................................... 3 
46 ............................................................... 4 
53 ............................................................... 5 
60 ............................................................... 6 
70 ............................................................... 8 
79 ............................................................... 10 
86 ............................................................... 12 
95 ............................................................... 14 
104 ............................................................. 16 
112 ............................................................. 18 
120 ............................................................. 20 
143 ............................................................. 25 
167 ............................................................. 30 
192 ............................................................. 35 

TABLE 1—SPARKOVER DISTANCE FOR ROD-TO- 
ROD GAP—Continued 

60 Hz Rod-to-Rod sparkover 
(kV peak) 

Gap spacing 
from IEEE Std 

4–1995 
(cm) 

218 ............................................................. 40 
243 ............................................................. 45 
270 ............................................................. 50 
322 ............................................................. 60 

Source: IEEE Std 516–2009. 

To use this table to determine the elec-
trical component of the minimum approach 
distance, the employer must determine the 
peak phase-to-ground transient overvoltage 
and select a gap from the table that cor-
responds to that voltage as a withstand volt-
age rather than a critical sparkover voltage. 
To calculate the electrical component of the 
minimum approach distance for voltages be-
tween 5 and 72.5 kilovolts, use the following 
procedure: 

1. Divide the phase-to-phase voltage by the 
square root of 3 to convert it to a phase-to- 
ground voltage. 

2. Multiply the phase-to-ground voltage by 
the square root of 2 to convert the rms value 
of the voltage to the peak phase-to-ground 
voltage. 

3. Multiply the peak phase-to-ground volt-
age by the maximum per-unit transient over-
voltage, which, for this voltage range, is 3.0, 
as discussed later in this appendix. This is 
the maximum phase-to-ground transient 
overvoltage, which corresponds to the with-
stand voltage for the relevant exposure.3 

4. Divide the maximum phase-to-ground 
transient overvoltage by 0.85 to determine 
the corresponding critical sparkover voltage. 
(The critical sparkover voltage is 3 standard 
deviations (or 15 percent) greater than the 
withstand voltage.) 

5. Determine the electrical component of 
the minimum approach distance from Table 
1 through interpolation. 

Table 2 illustrates how to derive the elec-
trical component of the minimum approach 
distance for voltages from 5.1 to 72.5 kilo-
volts, before the application of any altitude 
correction factor, as explained later. 

TABLE 2—CALCULATING THE ELECTRICAL COMPONENT OF MAD 751 V TO 72.5 KV 

Step 
Maximum system phase-to-phase voltage (kV) 

15 36 46 72.5 

1. Divide by √3 ...................................................... 8.7 20.8 26.6 41.9 
2. Multiply by √2 .................................................... 12.2 29.4 37.6 59.2 
3. Multiply by 3.0 ................................................... 36.7 88.2 112.7 177.6 
4. Divide by 0.85 ................................................... 43.2 103.7 132.6 208.9 
5. Interpolate from Table 1 ................................... 3 + (7.2/10)*1 14 + (8.7/9)*2 20 + (12.6/23)*5 35 + (16.9/26)*5 

VerDate Sep<11>2014 10:47 Sep 08, 2020 Jkt 250120 PO 00000 Frm 00827 Fmt 8010 Sfmt 8002 Q:\29\29V5.TXT PC31kp
ay

ne
 o

n 
V

M
O

F
R

W
IN

70
2 

w
ith

 $
$_

JO
B



818 

29 CFR Ch. XVII (7–1–20 Edition) § 1910.269 

4 Test data demonstrates that the satura-
tion factor is greater than 0 at peak voltages 
of about 630 kilovolts. Systems operating at 
345 kilovolts (or maximum system voltages 

of 362 kilovolts) can have peak maximum 
transient overvoltages exceeding 630 kilo-
volts. Table R–3 sets equations for calcu-
lating a based on peak voltage. 

TABLE 2—CALCULATING THE ELECTRICAL COMPONENT OF MAD 751 V TO 72.5 KV—Continued 

Step 
Maximum system phase-to-phase voltage (kV) 

15 36 46 72.5 

Electrical component of MAD (cm) ....................... 3.72 15.93 22.74 38.25 

C. Voltages of 72.6 to 800 kilovolts. For 
voltages of 72.6 kilovolts to 800 kilovolts, 
this section bases the electrical component 
of minimum approach distances, before the 
application of any altitude correction factor, 
on the following formula: 

EQUATION 1—FOR VOLTAGES OF 72.6 KV TO 800 
KV 

D = 0.3048(C + a) VL-GT 

Where: 

D = Electrical component of the minimum 
approach distance in air in meters; 

C = a correction factor associated with the 
variation of gap sparkover with voltage; 

a = A factor relating to the saturation of air 
at system voltages of 345 kilovolts or 
higher; 4 

VL-G = Maximum system line-to-ground rms 
voltage in kilovolts—it should be the 
‘‘actual’’ maximum, or the normal high-
est voltage for the range (for example, 10 
percent above the nominal voltage); and 

T = Maximum transient overvoltage factor 
in per unit. 

In Equation 1, C is 0.01: (1) For phase-to- 
ground exposures that the employer can 
demonstrate consist only of air across the 
approach distance (gap) and (2) for phase-to- 
phase exposures if the employer can dem-
onstrate that no insulated tool spans the gap 
and that no large conductive object is in the 
gap. Otherwise, C is 0.011. 

In Equation 1, the term a varies depending 
on whether the employee’s exposure is phase- 
to-ground or phase-to-phase and on whether 
objects are in the gap. The employer must 
use the equations in Table 3 to calculate a. 
Sparkover test data with insulation span-
ning the gap form the basis for the equations 
for phase-to-ground exposures, and sparkover 
test data with only air in the gap form the 
basis for the equations for phase-to-phase ex-
posures. The phase-to-ground equations re-
sult in slightly higher values of a, and, con-
sequently, produce larger minimum ap-
proach distances, than the phase-to-phase 
equations for the same value of VPeak. 

TABLE 3—EQUATIONS FOR CALCULATING THE SURGE FACTOR, a 

Phase-to-ground exposures 

VPeak = TL-GVL-G √2 .............. 635 kV or less 635.1 to 915 kV 915.1 to 1,050 kV 
a ........................................... 0 (VPeak- 635)/140,000 (VPeak-645)/135,000 

VPeak = TL-GVL-G√2 ............... More than 1,050 kV 

a ........................................... (VPeak-675)/125,000 

Phase-to-phase exposures 1 

VPeak = (1.35TL-G + 
0.45)VL-G√2 ...................... 630 kV or less 630.1 to 848 kV 848.1 to 1,131 kV 

a ........................................... 0 (VPeak-630)/155,000 (VPeak-633.6)/152,207 

VPeak = 
(1.35TL-G + 
0.45)VL-G√2 1,131.1 to 1,485 kV More than 1,485 kV 

a ..................... (VPeak-628)/153,846 (VPeak-350.5)/203,666 
1 Use the equations for phase-to-ground exposures (with VPeak for phase-to-phase exposures) unless the employer can 

demonstrate that no insulated tool spans the gap and that no large conductive object is in the gap. 
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5 For voltages of 50 to 300 volts, Table R–3 
specifies a minimum approach distance of 
‘‘avoid contact.’’ The minimum approach 
distance for this voltage range contains nei-

ther an electrical component nor an ergo-
nomic component. 

In Equation 1, T is the maximum transient 
overvoltage factor in per unit. As noted ear-
lier, § 1910.269(l)(3)(ii) requires the employer 
to determine the maximum anticipated per- 
unit transient overvoltage, phase-to-ground, 
through an engineering analysis or assume a 
maximum anticipated per-unit transient 
overvoltage, phase-to-ground, in accordance 
with Table R–9. For phase-to-ground expo-
sures, the employer uses this value, called 
TL-G, as T in Equation 1. IEEE Std 516–2009 
provides the following formula to calculate 
the phase-to-phase maximum transient over-
voltage, TL-L, from TL-G: 

TL-L = 1.35TL-G + 0.45 

For phase-to-phase exposures, the employer 
uses this value as T in Equation 1. 

D. Provisions for inadvertent movement. The 
minimum approach distance must include an 
‘‘adder’’ to compensate for the inadvertent 
movement of the worker relative to an ener-
gized part or the movement of the part rel-
ative to the worker. This ‘‘adder’’ must ac-
count for this possible inadvertent move-
ment and provide the worker with a com-
fortable and safe zone in which to work. Em-
ployers must add the distance for inad-
vertent movement (called the ‘‘ergonomic 
component of the minimum approach dis-
tance’’) to the electrical component to deter-
mine the total safe minimum approach dis-
tances used in live-line work. 

The Occupational Safety and Health Ad-
ministration based the ergonomic compo-
nent of the minimum approach distance on 
response time-distance analysis. This tech-
nique uses an estimate of the total response 
time to a hazardous incident and converts 
that time to the distance traveled. For ex-
ample, the driver of a car takes a given 
amount of time to respond to a ‘‘stimulus’’ 
and stop the vehicle. The elapsed time in-
volved results in the car’s traveling some 
distance before coming to a complete stop. 
This distance depends on the speed of the car 
at the time the stimulus appears and the re-
action time of the driver. 

In the case of live-line work, the employee 
must first perceive that he or she is ap-
proaching the danger zone. Then, the worker 
responds to the danger and must decelerate 
and stop all motion toward the energized 
part. During the time it takes to stop, the 
employee will travel some distance. This is 
the distance the employer must add to the 
electrical component of the minimum ap-
proach distance to obtain the total safe min-
imum approach distance. 

At voltages from 751 volts to 72.5 kilo-
volts,5 the electrical component of the min-

imum approach distance is smaller than the 
ergonomic component. At 72.5 kilovolts, the 
electrical component is only a little more 
than 0.3 meters (1 foot). An ergonomic com-
ponent of the minimum approach distance 
must provide for all the worker’s unantici-
pated movements. At these voltages, work-
ers generally use rubber insulating gloves; 
however, these gloves protect only a work-
er’s hands and arms. Therefore, the energized 
object must be at a safe approach distance to 
protect the worker’s face. In this case, 0.61 
meters (2 feet) is a sufficient and practical 
ergonomic component of the minimum ap-
proach distance. 

For voltages between 72.6 and 800 kilovolts, 
employees must use different work practices 
during energized line work. Generally, em-
ployees use live-line tools (hot sticks) to per-
form work on energized equipment. These 
tools, by design, keep the energized part at a 
constant distance from the employee and, 
thus, maintain the appropriate minimum ap-
proach distance automatically. 

The location of the worker and the type of 
work methods the worker is using also influ-
ence the length of the ergonomic component 
of the minimum approach distance. In this 
higher voltage range, the employees use 
work methods that more tightly control 
their movements than when the workers per-
form work using rubber insulating gloves. 
The worker, therefore, is farther from the 
energized line or equipment and must be 
more precise in his or her movements just to 
perform the work. For these reasons, this 
section adopts an ergonomic component of 
the minimum approach distance of 0.31 m (1 
foot) for voltages between 72.6 and 800 kilo-
volts. 

Table 4 summarizes the ergonomic compo-
nent of the minimum approach distance for 
various voltage ranges. 

TABLE 4—ERGONOMIC COMPONENT OF MINIMUM 
APPROACH DISTANCE 

Voltage range (kV) 
Distance 

m ft 

0.301 to 0.750 ........... 0.31 1.0 
0.751 to 72.5 ............. 0.61 2.0 
72.6 to 800 ................ 0.31 1.0 

Note: The employer must add this distance to the electrical 
component of the minimum approach distance to obtain the 
full minimum approach distance. 

The ergonomic component of the minimum 
approach distance accounts for errors in 
maintaining the minimum approach distance 
(which might occur, for example, if an em-
ployee misjudges the length of a conductive 
object he or she is holding), and for errors in 
judging the minimum approach distance. 
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The ergonomic component also accounts for 
inadvertent movements by the employee, 
such as slipping. In contrast, the working po-
sition selected to properly maintain the min-
imum approach distance must account for 
all of an employee’s reasonably likely move-
ments and still permit the employee to ad-
here to the applicable minimum approach 
distance. (See Figure 1.) Reasonably likely 
movements include an employee’s adjust-
ments to tools, equipment, and working posi-
tions and all movements needed to perform 
the work. For example, the employee should 
be able to perform all of the following ac-
tions without straying into the minimum ap-
proach distance: 

• Adjust his or her hardhat, 
• maneuver a tool onto an energized part 

with a reasonable amount of overreaching or 
underreaching, 

• reach for and handle tools, material, and 
equipment passed to him or her, and 

• adjust tools, and replace components on 
them, when necessary during the work pro-
cedure. 

The training of qualified employees re-
quired under § 1910.269(a)(2), and the job plan-
ning and briefing required under § 1910.269(c), 
must address selection of a proper working 
position. 
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E. Miscellaneous correction factors. Changes 
in the air medium that forms the insulation 
influences the strength of an air gap. A brief 
discussion of each factor follows. 

1. Dielectric strength of air. The dielectric 
strength of air in a uniform electric field at 
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6 For the purposes of estimating arc length, 
§ 1910.269 generally assumes a more conserv-
ative dielectric strength of 10 kilovolts per 
25.4 millimeters, consistent with assump-
tions made in consensus standards such as 
the National Electrical Safety Code (IEEE 
C2–2012). The more conservative value ac-
counts for variables such as electrode shape, 
wave shape, and a certain amount of over-
voltage. 

standard atmospheric conditions is approxi-
mately 3 kilovolts per millimeter.6 The pres-
sure, temperature, and humidity of the air, 
the shape, dimensions, and separation of the 
electrodes, and the characteristics of the ap-
plied voltage (wave shape) affect the disrup-
tive gradient. 

2. Atmospheric effect. The empirically deter-
mined electrical strength of a given gap is 
normally applicable at standard atmospheric 
conditions (20 °C, 101.3 kilopascals, 11 grams/ 
cubic centimeter humidity). An increase in 
the density (humidity) of the air inhibits 
sparkover for a given air gap. The combina-
tion of temperature and air pressure that re-
sults in the lowest gap sparkover voltage is 
high temperature and low pressure. This 
combination of conditions is not likely to 
occur. Low air pressure, generally associated 
with high humidity, causes increased elec-
trical strength. An average air pressure gen-
erally correlates with low humidity. Hot and 
dry working conditions normally result in 
reduced electrical strength. The equations 
for minimum approach distances in Table R– 
3 assume standard atmospheric conditions. 

3. Altitude. The reduced air pressure at high 
altitudes causes a reduction in the electrical 
strength of an air gap. An employer must in-
crease the minimum approach distance by 
about 3 percent per 300 meters (1,000 feet) of 
increased altitude for altitudes above 900 me-
ters (3,000 feet). Table R–5 specifies the alti-
tude correction factor that the employer 
must use in calculating minimum approach 
distances. 

IV. DETERMINING MINIMUM APPROACH 
DISTANCES 

A. Factors Affecting Voltage Stress at the 
Worksite 

1. System voltage (nominal). The nominal 
system voltage range determines the voltage 
for purposes of calculating minimum ap-
proach distances. The employer selects the 
range in which the nominal system voltage 
falls, as given in the relevant table, and uses 
the highest value within that range in per- 
unit calculations. 

2. Transient overvoltages. Operation of 
switches or circuit breakers, a fault on a line 
or circuit or on an adjacent circuit, and 
similar activities may generate transient 
overvoltages on an electrical system. Each 

overvoltage has an associated transient volt-
age wave shape. The wave shape arriving at 
the site and its magnitude vary consider-
ably. 

In developing requirements for minimum 
approach distances, the Occupational Safety 
and Health Administration considered the 
most common wave shapes and the mag-
nitude of transient overvoltages found on 
electric power generation, transmission, and 
distribution systems. The equations in Table 
R–3 for minimum approach distances use per- 
unit maximum transient overvoltages, which 
are relative to the nominal maximum volt-
age of the system. For example, a maximum 
transient overvoltage value of 3.0 per unit in-
dicates that the highest transient over-
voltage is 3.0 times the nominal maximum 
system voltage. 

3. Typical magnitude of overvoltages. Table 5 
lists the magnitude of typical transient 
overvoltages. 

TABLE 5—MAGNITUDE OF TYPICAL TRANSIENT 
OVERVOLTAGES 

Cause Magnitude 
(per unit) 

Energized 200-mile line without closing resistors 3.5 
Energized 200-mile line with one-step closing 

resistor ............................................................. 2.1 
Energized 200-mile line with multistep resistor ... 2.5 
Reclosing with trapped charge one-step resistor 2.2 
Opening surge with single restrike ...................... 3.0 
Fault initiation unfaulted phase ........................... 2.1 
Fault initiation adjacent circuit ............................. 2.5 
Fault clearing ....................................................... 1.7 to 1.9 

4. Standard deviation—air-gap withstand. 
For each air gap length under the same at-
mospheric conditions, there is a statistical 
variation in the breakdown voltage. The 
probability of breakdown against voltage has 
a normal (Gaussian) distribution. The stand-
ard deviation of this distribution varies with 
the wave shape, gap geometry, and atmos-
pheric conditions. The withstand voltage of 
the air gap is three standard deviations (3s) 
below the critical sparkover voltage. (The 
critical sparkover voltage is the crest value 
of the impulse wave that, under specified 
conditions, causes sparkover 50 percent of 
the time. An impulse wave of three standard 
deviations below this value, that is, the 
withstand voltage, has a probability of 
sparkover of approximately 1 in 1,000.) 

5. Broken Insulators. Tests show reductions 
in the insulation strength of insulator 
strings with broken skirts. Broken units 
may lose up to 70 percent of their withstand 
capacity. Because an employer cannot deter-
mine the insulating capability of a broken 
unit without testing it, the employer must 
consider damaged units in an insulator to 
have no insulating value. Additionally, the 
presence of a live-line tool alongside an insu-
lator string with broken units may further 
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7 The detailed design of a circuit inter-
rupter, such as the design of the contacts, re-
sistor insertion, and breaker timing control, 
are beyond the scope of this appendix. The 
design of the system generally accounts for 
these features. This appendix only discusses 
features that can limit the maximum switch-
ing transient overvoltage on a system. 

reduce the overall insulating strength. The 
number of good units that must be present in 
a string for it to be ‘‘insulated’’ as defined by 
§ 1910.269(x) depends on the maximum over-
voltage possible at the worksite. 

B. Minimum Approach Distances Based on 
Known, Maximum-Anticipated Per-Unit 
Transient Overvoltages 

1. Determining the minimum approach dis-
tance for AC systems. Under § 1910.269(l)(3)(ii), 
the employer must determine the maximum 
anticipated per-unit transient overvoltage, 
phase-to-ground, through an engineering 
analysis or must assume a maximum antici-
pated per-unit transient overvoltage, phase- 
to-ground, in accordance with Table R–9. 
When the employer conducts an engineering 
analysis of the system and determines that 
the maximum transient overvoltage is lower 
than specified by Table R–9, the employer 
must ensure that any conditions assumed in 
the analysis, for example, that employees 
block reclosing on a circuit or install port-
able protective gaps, are present during ener-
gized work. To ensure that these conditions 
are present, the employer may need to insti-
tute new live-work procedures reflecting the 
conditions and limitations set by the engi-
neering analysis. 

2. Calculation of reduced approach distance 
values. An employer may take the following 
steps to reduce minimum approach distances 
when the maximum transient overvoltage on 
the system (that is, the maximum transient 
overvoltage without additional steps to con-
trol overvoltages) produces unacceptably 
large minimum approach distances: 

Step 1. Determine the maximum voltage 
(with respect to a given nominal voltage 
range) for the energized part. 

Step 2. Determine the technique to use to 
control the maximum transient overvoltage. 
(See paragraphs IV.C and IV.D of this appen-
dix.) Determine the maximum transient 
overvoltage that can exist at the worksite 
with that form of control in place and with 
a confidence level of 3s. This voltage is the 
withstand voltage for the purpose of calcu-
lating the appropriate minimum approach 
distance. 

Step 3. Direct employees to implement pro-
cedures to ensure that the control technique 
is in effect during the course of the work. 

Step 4. Using the new value of transient 
overvoltage in per unit, calculate the re-
quired minimum approach distance from 
Table R–3. 

C. Methods of Controlling Possible Transient 
Overvoltage Stress Found on a System 

1. Introduction. There are several means of 
controlling overvoltages that occur on trans-
mission systems. For example, the employer 
can modify the operation of circuit breakers 
or other switching devices to reduce switch-

ing transient overvoltages. Alternatively, 
the employer can hold the overvoltage to an 
acceptable level by installing surge arresters 
or portable protective gaps on the system. In 
addition, the employer can change the trans-
mission system to minimize the effect of 
switching operations. Section 4.8 of IEEE 
Std 516–2009 describes various ways of con-
trolling, and thereby reducing, maximum 
transient overvoltages. 

2. Operation of circuit breakers. 7 The max-
imum transient overvoltage that can reach 
the worksite is often the result of switching 
on the line on which employees are working. 
Disabling automatic reclosing during ener-
gized line work, so that the line will not be 
reenergized after being opened for any rea-
son, limits the maximum switching surge 
overvoltage to the larger of the opening 
surge or the greatest possible fault-gen-
erated surge, provided that the devices (for 
example, insertion resistors) are operable 
and will function to limit the transient over-
voltage and that circuit breaker restrikes do 
not occur. The employer must ensure the 
proper functioning of insertion resistors and 
other overvoltage-limiting devices when the 
employer’s engineering analysis assumes 
their proper operation to limit the over-
voltage level. If the employer cannot disable 
the reclosing feature (because of system op-
erating conditions), other methods of con-
trolling the switching surge level may be 
necessary. 

Transient surges on an adjacent line, par-
ticularly for double circuit construction, 
may cause a significant overvoltage on the 
line on which employees are working. The 
employer’s engineering analysis must ac-
count for coupling to adjacent lines. 

3. Surge arresters. The use of modern surge 
arresters allows a reduction in the basic im-
pulse-insulation levels of much transmission 
system equipment. The primary function of 
early arresters was to protect the system in-
sulation from the effects of lightning. Mod-
ern arresters not only dissipate lightning- 
caused transients, but may also control 
many other system transients caused by 
switching or faults. 

The employer may use properly designed 
arresters to control transient overvoltages 
along a transmission line and thereby reduce 
the requisite length of the insulator string 
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8 Surge arrester application is beyond the 
scope of this appendix. However, if the em-
ployer installs the arrester near the work 
site, the application would be similar to the 
protective gaps discussed in paragraph IV.D 
of this appendix. 

9 The employer should check the withstand 
voltage to ensure that it results in a prob-
ability of gap flashover that is acceptable 
from a system outage perspective. (In other 
words, a gap sparkover will produce a system 
outage. The employer should determine 
whether such an outage will impact overall 
system performance to an acceptable de-
gree.) In general, the withstand voltage 
should be at least 1.25 times the maximum 
crest operating voltage. 

10 The manufacturer of the gap provides, 
based on test data, the critical sparkover 

voltage for each gap spacing (for example, a 
critical sparkover voltage of 665 kilovolts for 
a gap spacing of 1.2 meters). The withstand 
voltage for the gap is equal to 85 percent of 
its critical sparkover voltage. 

11 Switch steps 1 and 2 if the length of the 
protective gap is known. 

12 IEEE Std 516–2009 states that most em-
ployers add 0.2 to the calculated value of T 
as an additional safety factor. 

13 To eliminate sparkovers due to minor 
system disturbances, the employer should 
use a withstand voltage no lower than 1.25 
p.u. Note that this is a practical, or oper-
ational, consideration only. It may be fea-
sible for the employer to use lower values of 
withstand voltage. 

and possibly the maximum transient over-
voltage on the line.8 

4. Switching Restrictions. Another form of 
overvoltage control involves establishing 
switching restrictions, whereby the em-
ployer prohibits the operation of circuit 
breakers until certain system conditions are 
present. The employer restricts switching by 
using a tagging system, similar to that used 
for a permit, except that the common term 
used for this activity is a ‘‘hold-off’’ or ‘‘re-
striction.’’ These terms indicate that the re-
striction does not prevent operation, but 
only modifies the operation during the live- 
work activity. 

D. Minimum Approach Distance Based on Con-
trol of Maximum Transient Overvoltage at the 
Worksite 

When the employer institutes control of 
maximum transient overvoltage at the work-

site by installing portable protective gaps, 
the employer may calculate the minimum 
approach distance as follows: 

Step 1. Select the appropriate withstand 
voltage for the protective gap based on sys-
tem requirements and an acceptable prob-
ability of gap sparkover.9 

Step 2. Determine a gap distance that pro-
vides a withstand voltage 10 greater than or 
equal to the one selected in the first step.11 

Step 3. Use 110 percent of the gap’s critical 
sparkover voltage to determine the phase-to- 
ground peak voltage at gap sparkover (VPPG 
Peak). 

Step 4. Determine the maximum transient 
overvoltage, phase-to-ground, at the work-
site from the following formula: 

Step 5. Use this value of T 12 in the equation 
in Table R–3 to obtain the minimum ap-
proach distance. If the worksite is no more 
than 900 meters (3,000 feet) above sea level, 
the employer may use this value of T to de-
termine the minimum approach distance 
from Table 14 through Table 21. 

NOTE: All rounding must be to the next 
higher value (that is, always round up). 

Sample protective gap calculations. 
Problem: Employees are to perform work on 

a 500-kilovolt transmission line at sea level 

that is subject to transient overvoltages of 
2.4 p.u. The maximum operating voltage of 
the line is 550 kilovolts. Determine the 
length of the protective gap that will provide 
the minimum practical safe approach dis-
tance. Also, determine what that minimum 
approach distance is. 

Step 1. Calculate the smallest practical 
maximum transient overvoltage (1.25 times 
the crest phase-to-ground voltage): 13 

VerDate Sep<11>2014 10:47 Sep 08, 2020 Jkt 250120 PO 00000 Frm 00834 Fmt 8010 Sfmt 8002 Q:\29\29V5.TXT PC31 E
R

11
A

P
14

.0
25

<
/G

P
H

>

kp
ay

ne
 o

n 
V

M
O

F
R

W
IN

70
2 

w
ith

 $
$_

JO
B



825 

Occupational Safety and Health Admin., Labor § 1910.269 

This value equals the withstand voltage of 
the protective gap. 

Step 2. Using test data for a particular pro-
tective gap, select a gap that has a critical 
sparkover voltage greater than or equal to: 

561kV ÷ 0.85 = 660kV 

For example, if a protective gap with a 1.22- 
m (4.0-foot) spacing tested to a critical 
sparkover voltage of 665 kilovolts (crest), se-
lect this gap spacing. 

Step 3. The phase-to-ground peak voltage 
at gap sparkover (VPPG Peak) is 110 percent of 
the value from the previous step: 

665kV × 1.10 = 732kV 

This value corresponds to the withstand 
voltage of the electrical component of the 
minimum approach distance. 

Step 4. Use this voltage to determine the 
worksite value of T: 

Step 5. Use this value of T in the equation 
in Table R–3 to obtain the minimum ap-
proach distance, or look up the minimum ap-
proach distance in Table 14 through Table 21: 

MAD = 2.29m (7.6 ft). 

E. Location of Protective Gaps 

1. Adjacent structures. The employer may 
install the protective gap on a structure ad-
jacent to the worksite, as this practice does 
not significantly reduce the protection af-
forded by the gap. 

2. Terminal stations. Gaps installed at ter-
minal stations of lines or circuits provide a 
level of protection; however, that level of 
protection may not extend throughout the 
length of the line to the worksite. The use of 
substation terminal gaps raises the possi-
bility that separate surges could enter the 
line at opposite ends, each with low enough 
magnitude to pass the terminal gaps without 
sparkover. When voltage surges occur simul-
taneously at each end of a line and travel to-
ward each other, the total voltage on the 
line at the point where they meet is the 
arithmetic sum of the two surges. A gap in-
stalled within 0.8 km (0.5 mile) of the work-
site will protect against such intersecting 
waves. Engineering studies of a particular 
line or system may indicate that employers 
can adequately protect employees by install-
ing gaps at even more distant locations. In 
any event, unless using the default values for 
T from Table R–9, the employer must deter-
mine T at the worksite. 

3. Worksite. If the employer installs protec-
tive gaps at the worksite, the gap setting es-
tablishes the worksite impulse insulation 
strength. Lightning strikes as far as 6 miles 
from the worksite can cause a voltage surge 
greater than the gap withstand voltage, and 
a gap sparkover can occur. In addition, the 
gap can sparkover from overvoltages on the 
line that exceed the withstand voltage of the 
gap. Consequently, the employer must pro-
tect employees from hazards resulting from 
any sparkover that could occur. 

F. Disabling automatic reclosing. There are 
two reasons to disable the automatic-re-
closing feature of circuit-interrupting de-
vices while employees are performing live- 
line work: 

• To prevent reenergization of a circuit 
faulted during the work, which could create 
a hazard or result in more serious injuries or 
damage than the injuries or damage pro-
duced by the original fault; 

• To prevent any transient overvoltage 
caused by the switching surge that would re-
sult if the circuit were reenergized. 

However, due to system stability consider-
ations, it may not always be feasible to dis-
able the automatic-reclosing feature. 

V. MINIMUM APPROACH-DISTANCE TABLES 

A. Legacy tables. Employers may use the 
minimum approach distances in Table 6 
through Table 13 until March 31, 2015. 
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TABLE 6—MINIMUM APPROACH DISTANCES UNTIL DECEMBER 31, 2014 

Voltage range phase to phase (kV) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

0.05 to 1.0 ..................................................................... Avoid Contact Avoid Contact 

1.1 to 15.0 ..................................................................... 0.64 2.10 0.66 2.20 
15.1 to 36.0 ................................................................... 0.72 2.30 0.77 2.60 
36.1 to 46.0 ................................................................... 0.77 2.60 0.85 2.80 
46.1 to 72.5 ................................................................... 0.90 3.00 1.05 3.50 
72.6 to 121 .................................................................... 0.95 3.20 1.29 4.30 
138 to 145 ..................................................................... 1.09 3.60 1.50 4.90 
161 to 169 ..................................................................... 1.22 4.00 1.71 5.70 
230 to 242 ..................................................................... 1.59 5.30 2.27 7.50 
345 to 362 ..................................................................... 2.59 8.50 3.80 12.50 
500 to 550 ..................................................................... 3.42 11.30 5.50 18.10 
765 to 800 ..................................................................... 4.53 14.90 7.91 26.00 

Note: The clear live-line tool distance must equal or exceed the values for the indicated voltage ranges. 

TABLE 7—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—72.6 TO 121.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.0 ......................................................................................... 0.74 2.42 1.09 3.58 
2.1 ......................................................................................... 0.76 2.50 1.09 3.58 
2.2 ......................................................................................... 0.79 2.58 1.12 3.67 
2.3 ......................................................................................... 0.81 2.67 1.14 3.75 
2.4 ......................................................................................... 0.84 2.75 1.17 3.83 
2.5 ......................................................................................... 0.84 2.75 1.19 3.92 
2.6 ......................................................................................... 0.86 2.83 1.22 4.00 
2.7 ......................................................................................... 0.89 2.92 1.24 4.08 
2.8 ......................................................................................... 0.91 3.00 1.24 4.08 
2.9 ......................................................................................... 0.94 3.08 1.27 4.17 
3.0 ......................................................................................... 0.97 3.17 1.30 4.25 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 8—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—121.1 TO 145.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.0 ......................................................................................... 0.84 2.75 1.24 4.08 
2.1 ......................................................................................... 0.86 2.83 1.27 4.17 
2.2 ......................................................................................... 0.89 2.92 1.30 4.25 
2.3 ......................................................................................... 0.91 3.00 1.32 4.33 
2.4 ......................................................................................... 0.94 3.08 1.35 4.42 
2.5 ......................................................................................... 0.97 3.17 1.37 4.50 
2.6 ......................................................................................... 0.99 3.25 1.40 4.58 
2.7 ......................................................................................... 1.02 3.33 1.42 4.67 
2.8 ......................................................................................... 1.04 3.42 1.45 4.75 
2.9 ......................................................................................... 1.07 3.50 1.47 4.83 
3.0 ......................................................................................... 1.09 3.58 1.50 4.92 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 9—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—145.1 TO 169.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.0 ......................................................................................... 0.91 3.00 1.42 4.67 
2.1 ......................................................................................... 0.97 3.17 1.45 4.75 
2.2 ......................................................................................... 0.99 3.25 1.47 4.83 
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TABLE 9—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—145.1 TO 169.0 KV WITH 
OVERVOLTAGE FACTOR—Continued 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.3 ......................................................................................... 1.02 3.33 1.50 4.92 
2.4 ......................................................................................... 1.04 3.42 1.52 5.00 
2.5 ......................................................................................... 1.07 3.50 1.57 5.17 
2.6 ......................................................................................... 1.12 3.67 1.60 5.25 
2.7 ......................................................................................... 1.14 3.75 1.63 5.33 
2.8 ......................................................................................... 1.17 3.83 1.65 5.42 
2.9 ......................................................................................... 1.19 3.92 1.68 5.50 
3.0 ......................................................................................... 1.22 4.00 1.73 5.67 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 10—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—169.1 TO 242.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.0 ......................................................................................... 1.17 3.83 1.85 6.08 
2.1 ......................................................................................... 1.22 4.00 1.91 6.25 
2.2 ......................................................................................... 1.24 4.08 1.93 6.33 
2.3 ......................................................................................... 1.30 4.25 1.98 6.50 
2.4 ......................................................................................... 1.35 4.42 2.01 6.58 
2.5 ......................................................................................... 1.37 4.50 2.06 6.75 
2.6 ......................................................................................... 1.42 4.67 2.11 6.92 
2.7 ......................................................................................... 1.47 4.83 2.13 7.00 
2.8 ......................................................................................... 1.50 4.92 2.18 7.17 
2.9 ......................................................................................... 1.55 5.08 2.24 7.33 
3.0 ......................................................................................... 1.60 5.25 2.29 7.50 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 11—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—242.1 TO 362.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.0 ......................................................................................... 1.60 5.25 2.62 8.58 
2.1 ......................................................................................... 1.65 5.42 2.69 8.83 
2.2 ......................................................................................... 1.75 5.75 2.79 9.17 
2.3 ......................................................................................... 1.85 6.08 2.90 9.50 
2.4 ......................................................................................... 1.93 6.33 3.02 9.92 
2.5 ......................................................................................... 2.03 6.67 3.15 10.33 
2.6 ......................................................................................... 2.16 7.08 3.28 10.75 
2.7 ......................................................................................... 2.26 7.42 3.40 11.17 
2.8 ......................................................................................... 2.36 7.75 3.53 11.58 
2.9 ......................................................................................... 2.49 8.17 3.68 12.08 
3.0 ......................................................................................... 2.59 8.50 3.81 12.50 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 12—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—362.1 TO 552.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 1.83 6.00 2.24 7.33 
1.6 ......................................................................................... 1.98 6.50 2.67 8.75 
1.7 ......................................................................................... 2.13 7.00 3.10 10.17 
1.8 ......................................................................................... 2.31 7.58 3.53 11.58 

VerDate Sep<11>2014 10:47 Sep 08, 2020 Jkt 250120 PO 00000 Frm 00837 Fmt 8010 Sfmt 8002 Q:\29\29V5.TXT PC31kp
ay

ne
 o

n 
V

M
O

F
R

W
IN

70
2 

w
ith

 $
$_

JO
B



828 

29 CFR Ch. XVII (7–1–20 Edition) § 1910.269 

TABLE 12—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—362.1 TO 552.0 KV WITH 
OVERVOLTAGE FACTOR—Continued 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.9 ......................................................................................... 2.46 8.08 4.01 13.17 
2.0 ......................................................................................... 2.67 8.75 4.52 14.83 
2.1 ......................................................................................... 2.84 9.33 4.75 15.58 
2.2 ......................................................................................... 3.02 9.92 4.98 16.33 
2.3 ......................................................................................... 3.20 10.50 5.23 17.17 
2.4 ......................................................................................... 3.43 11.25 5.51 18.08 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

TABLE 13—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—552.1 TO 800.0 KV WITH 
OVERVOLTAGE FACTOR 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

.
1.5 ......................................................................................... 2.95 9.67 3.68 12.08 
1.6 ......................................................................................... 3.25 10.67 4.42 14.50 
1.7 ......................................................................................... 3.56 11.67 5.23 17.17 
1.8 ......................................................................................... 3.86 12.67 6.07 19.92 
1.9 ......................................................................................... 4.19 13.75 6.99 22.92 
2.0 ......................................................................................... 4.55 14.92 7.92 26.00 

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum antici-
pated per-unit transient overvoltage by engineering analysis. (Table 6 applies otherwise.) 

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances. 

B. Alternative minimum approach dis-
tances. Employers may use the min-
imum approach distances in Table 14 

through Table 21 provided that the em-
ployer follows the notes to those ta-
bles. 

TABLE 14—AC MINIMUM APPROACH DISTANCES—72.6 TO 121.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 0.67 2.2 0.84 2.8 
1.6 ......................................................................................... 0.69 2.3 0.87 2.9 
1.7 ......................................................................................... 0.71 2.3 0.90 3.0 
1.8 ......................................................................................... 0.74 2.4 0.93 3.1 
1.9 ......................................................................................... 0.76 2.5 0.96 3.1 
2.0 ......................................................................................... 0.78 2.6 0.99 3.2 
2.1 ......................................................................................... 0.81 2.7 1.01 3.3 
2.2 ......................................................................................... 0.83 2.7 1.04 3.4 
2.3 ......................................................................................... 0.85 2.8 1.07 3.5 
2.4 ......................................................................................... 0.88 2.9 1.10 3.6 
2.5 ......................................................................................... 0.90 3.0 1.13 3.7 
2.6 ......................................................................................... 0.92 3.0 1.16 3.8 
2.7 ......................................................................................... 0.95 3.1 1.19 3.9 
2.8 ......................................................................................... 0.97 3.2 1.22 4.0 
2.9 ......................................................................................... 0.99 3.2 1.24 4.1 
3.0 ......................................................................................... 1.02 3.3 1.27 4.2 
3.1 ......................................................................................... 1.04 3.4 1.30 4.3 
3.2 ......................................................................................... 1.06 3.5 1.33 4.4 
3.3 ......................................................................................... 1.09 3.6 1.36 4.5 
3.4 ......................................................................................... 1.11 3.6 1.39 4.6 
3.5 ......................................................................................... 1.13 3.7 1.42 4.7 
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TABLE 15—AC MINIMUM APPROACH DISTANCES—121.1 TO 145.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 0.74 2.4 0.95 3.1 
1.6 ......................................................................................... 0.76 2.5 0.98 3.2 
1.7 ......................................................................................... 0.79 2.6 1.02 3.3 
1.8 ......................................................................................... 0.82 2.7 1.05 3.4 
1.9 ......................................................................................... 0.85 2.8 1.08 3.5 
2.0 ......................................................................................... 0.88 2.9 1.12 3.7 
2.1 ......................................................................................... 0.90 3.0 1.15 3.8 
2.2 ......................................................................................... 0.93 3.1 1.19 3.9 
2.3 ......................................................................................... 0.96 3.1 1.22 4.0 
2.4 ......................................................................................... 0.99 3.2 1.26 4.1 
2.5 ......................................................................................... 1.02 3.3 1.29 4.2 
2.6 ......................................................................................... 1.04 3.4 1.33 4.4 
2.7 ......................................................................................... 1.07 3.5 1.36 4.5 
2.8 ......................................................................................... 1.10 3.6 1.39 4.6 
2.9 ......................................................................................... 1.13 3.7 1.43 4.7 
3.0 ......................................................................................... 1.16 3.8 1.46 4.8 
3.1 ......................................................................................... 1.19 3.9 1.50 4.9 
3.2 ......................................................................................... 1.21 4.0 1.53 5.0 
3.3 ......................................................................................... 1.24 4.1 1.57 5.2 
3.4 ......................................................................................... 1.27 4.2 1.60 5.2 
3.5 ......................................................................................... 1.30 4.3 1.64 5.4 

TABLE 16—AC MINIMUM APPROACH DISTANCES—145.1 TO 169.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 0.81 2.7 1.05 3.4 
1.6 ......................................................................................... 0.84 2.8 1.09 3.6 
1.7 ......................................................................................... 0.87 2.9 1.13 3.7 
1.8 ......................................................................................... 0.90 3.0 1.17 3.8 
1.9 ......................................................................................... 0.94 3.1 1.21 4.0 
2.0 ......................................................................................... 0.97 3.2 1.25 4.1 
2.1 ......................................................................................... 1.00 3.3 1.29 4.2 
2.2 ......................................................................................... 1.03 3.4 1.33 4.4 
2.3 ......................................................................................... 1.07 3.5 1.37 4.5 
2.4 ......................................................................................... 1.10 3.6 1.41 4.6 
2.5 ......................................................................................... 1.13 3.7 1.45 4.8 
2.6 ......................................................................................... 1.17 3.8 1.49 4.9 
2.7 ......................................................................................... 1.20 3.9 1.53 5.0 
2.8 ......................................................................................... 1.23 4.0 1.57 5.2 
2.9 ......................................................................................... 1.26 4.1 1.61 5.3 
3.0 ......................................................................................... 1.30 4.3 1.65 5.4 
3.1 ......................................................................................... 1.33 4.4 1.70 5.6 
3.2 ......................................................................................... 1.36 4.5 1.76 5.8 
3.3 ......................................................................................... 1.39 4.6 1.82 6.0 
3.4 ......................................................................................... 1.43 4.7 1.88 6.2 
3.5 ......................................................................................... 1.46 4.8 1.94 6.4 

TABLE 17—AC MINIMUM APPROACH DISTANCES—169.1 TO 242.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 1.02 3.3 1.37 4.5 
1.6 ......................................................................................... 1.06 3.5 1.43 4.7 
1.7 ......................................................................................... 1.11 3.6 1.48 4.9 
1.8 ......................................................................................... 1.16 3.8 1.54 5.1 
1.9 ......................................................................................... 1.21 4.0 1.60 5.2 
2.0 ......................................................................................... 1.25 4.1 1.66 5.4 
2.1 ......................................................................................... 1.30 4.3 1.73 5.7 
2.2 ......................................................................................... 1.35 4.4 1.81 5.9 
2.3 ......................................................................................... 1.39 4.6 1.90 6.2 
2.4 ......................................................................................... 1.44 4.7 1.99 6.5 
2.5 ......................................................................................... 1.49 4.9 2.08 6.8 
2.6 ......................................................................................... 1.53 5.0 2.17 7.1 
2.7 ......................................................................................... 1.58 5.2 2.26 7.4 
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TABLE 17—AC MINIMUM APPROACH DISTANCES—169.1 TO 242.0 KV—Continued 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

2.8 ......................................................................................... 1.63 5.3 2.36 7.7 
2.9 ......................................................................................... 1.67 5.5 2.45 8.0 
3.0 ......................................................................................... 1.72 5.6 2.55 8.4 
3.1 ......................................................................................... 1.77 5.8 2.65 8.7 
3.2 ......................................................................................... 1.81 5.9 2.76 9.1 
3.3 ......................................................................................... 1.88 6.2 2.86 9.4 
3.4 ......................................................................................... 1.95 6.4 2.97 9.7 
3.5 ......................................................................................... 2.01 6.6 3.08 10.1 

TABLE 18—AC MINIMUM APPROACH DISTANCES—242.1 TO 362.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 1.37 4.5 1.99 6.5 
1.6 ......................................................................................... 1.44 4.7 2.13 7.0 
1.7 ......................................................................................... 1.51 5.0 2.27 7.4 
1.8 ......................................................................................... 1.58 5.2 2.41 7.9 
1.9 ......................................................................................... 1.65 5.4 2.56 8.4 
2.0 ......................................................................................... 1.72 5.6 2.71 8.9 
2.1 ......................................................................................... 1.79 5.9 2.87 9.4 
2.2 ......................................................................................... 1.87 6.1 3.03 9.9 
2.3 ......................................................................................... 1.97 6.5 3.20 10.5 
2.4 ......................................................................................... 2.08 6.8 3.37 11.1 
2.5 ......................................................................................... 2.19 7.2 3.55 11.6 
2.6 ......................................................................................... 2.29 7.5 3.73 12.2 
2.7 ......................................................................................... 2.41 7.9 3.91 12.8 
2.8 ......................................................................................... 2.52 8.3 4.10 13.5 
2.9 ......................................................................................... 2.64 8.7 4.29 14.1 
3.0 ......................................................................................... 2.76 9.1 4.49 14.7 
3.1 ......................................................................................... 2.88 9.4 4.69 15.4 
3.2 ......................................................................................... 3.01 9.9 4.90 16.1 
3.3 ......................................................................................... 3.14 10.3 5.11 16.8 
3.4 ......................................................................................... 3.27 10.7 5.32 17.5 
3.5 ......................................................................................... 3.41 11.2 5.52 18.1 

TABLE 19—AC MINIMUM APPROACH DISTANCES—362.1 TO 420.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 1.53 5.0 2.40 7.9 
1.6 ......................................................................................... 1.62 5.3 2.58 8.5 
1.7 ......................................................................................... 1.70 5.6 2.75 9.0 
1.8 ......................................................................................... 1.78 5.8 2.94 9.6 
1.9 ......................................................................................... 1.88 6.2 3.13 10.3 
2.0 ......................................................................................... 1.99 6.5 3.33 10.9 
2.1 ......................................................................................... 2.12 7.0 3.53 11.6 
2.2 ......................................................................................... 2.24 7.3 3.74 12.3 
2.3 ......................................................................................... 2.37 7.8 3.95 13.0 
2.4 ......................................................................................... 2.50 8.2 4.17 13.7 
2.5 ......................................................................................... 2.64 8.7 4.40 14.4 
2.6 ......................................................................................... 2.78 9.1 4.63 15.2 
2.7 ......................................................................................... 2.93 9.6 4.87 16.0 
2.8 ......................................................................................... 3.07 10.1 5.11 16.8 
2.9 ......................................................................................... 3.23 10.6 5.36 17.6 
3.0 ......................................................................................... 3.38 11.1 5.59 18.3 
3.1 ......................................................................................... 3.55 11.6 5.82 19.1 
3.2 ......................................................................................... 3.72 12.2 6.07 19.9 
3.3 ......................................................................................... 3.89 12.8 6.31 20.7 
3.4 ......................................................................................... 4.07 13.4 6.56 21.5 
3.5 ......................................................................................... 4.25 13.9 6.81 22.3 
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1 This appendix generally uses the term 
‘‘grounded’’ only with respect to grounding 
that the employer intentionally installs, for 
example, the grounding an employer installs 
on a deenergized conductor. However, in this 
case, the term ‘‘grounded’’ means connected 
to earth, regardless of whether or not that 
connection is intentional. 

2 Thus, grounding systems for transmission 
towers and substation structures should be 
designed to minimize the step and touch po-
tentials involved. 

TABLE 20—AC MINIMUM APPROACH DISTANCES—420.1 TO 550.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 1.95 6.4 3.46 11.4 
1.6 ......................................................................................... 2.11 6.9 3.73 12.2 
1.7 ......................................................................................... 2.28 7.5 4.02 13.2 
1.8 ......................................................................................... 2.45 8.0 4.31 14.1 
1.9 ......................................................................................... 2.62 8.6 4.61 15.1 
2.0 ......................................................................................... 2.81 9.2 4.92 16.1 
2.1 ......................................................................................... 3.00 9.8 5.25 17.2 
2.2 ......................................................................................... 3.20 10.5 5.55 18.2 
2.3 ......................................................................................... 3.40 11.2 5.86 19.2 
2.4 ......................................................................................... 3.62 11.9 6.18 20.3 
2.5 ......................................................................................... 3.84 12.6 6.50 21.3 
2.6 ......................................................................................... 4.07 13.4 6.83 22.4 
2.7 ......................................................................................... 4.31 14.1 7.18 23.6 
2.8 ......................................................................................... 4.56 15.0 7.52 24.7 
2.9 ......................................................................................... 4.81 15.8 7.88 25.9 
3.0 ......................................................................................... 5.07 16.6 8.24 27.0 

TABLE 21—AC MINIMUM APPROACH DISTANCES—550.1 TO 800.0 KV 

T (p.u.) 
Phase-to-ground exposure Phase-to-phase exposure 

m ft m ft 

1.5 ......................................................................................... 3.16 10.4 5.97 19.6 
1.6 ......................................................................................... 3.46 11.4 6.43 21.1 
1.7 ......................................................................................... 3.78 12.4 6.92 22.7 
1.8 ......................................................................................... 4.12 13.5 7.42 24.3 
1.9 ......................................................................................... 4.47 14.7 7.93 26.0 
2.0 ......................................................................................... 4.83 15.8 8.47 27.8 
2.1 ......................................................................................... 5.21 17.1 9.02 29.6 
2.2 ......................................................................................... 5.61 18.4 9.58 31.4 
2.3 ......................................................................................... 6.02 19.8 10.16 33.3 
2.4 ......................................................................................... 6.44 21.1 10.76 35.3 
2.5 ......................................................................................... 6.88 22.6 11.38 37.3 

Notes to Table 14 through Table 21: 
1. The employer must determine the maximum anticipated per-unit transient overvoltage, phase-to-ground, through an engi-

neering analysis, as required by § 1910.269(l)(3)(ii), or assume a maximum anticipated per-unit transient overvoltage, phase-to- 
ground, in accordance with Table R–9. 

2. For phase-to-phase exposures, the employer must demonstrate that no insulated tool spans the gap and that no large con-
ductive object is in the gap. 

3. The worksite must be at an elevation of 900 meters (3,000 feet) or less above sea level. 

APPENDIX C TO § 1910.269—PROTECTION FROM 
HAZARDOUS DIFFERENCES IN ELECTRIC PO-
TENTIAL 

I. INTRODUCTION 

Current passing through an impedance im-
presses voltage across that impedance. Even 
conductors have some, albeit low, value of 
impedance. Therefore, if a ‘‘grounded’’ 1 ob-
ject, such as a crane or deenergized and 
grounded power line, results in a ground 
fault on a power line, voltage is impressed on 
that grounded object. The voltage impressed 

on the grounded object depends largely on 
the voltage on the line, on the impedance of 
the faulted conductor, and on the impedance 
to ‘‘true,’’ or ‘‘absolute,’’ ground represented 
by the object. If the impedance of the object 
causing the fault is relatively large, the volt-
age impressed on the object is essentially the 
phase-to-ground system voltage. However, 
even faults to grounded power lines or to 
well grounded transmission towers or sub-
station structures (which have relatively low 
values of impedance to ground) can result in 
hazardous voltages.2 In all cases, the degree 
of the hazard depends on the magnitude of 
the current through the employee and the 
time of exposure. This appendix discusses 
methods of protecting workers against the 
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possibility that grounded objects, such as 
cranes and other mechanical equipment, will 
contact energized power lines and that deen-
ergized and grounded power lines will be-
come accidentally energized. 

II. VOLTAGE-GRADIENT DISTRIBUTION 

A. Voltage-gradient distribution curve. Abso-
lute, or true, ground serves as a reference 
and always has a voltage of 0 volts above 
ground potential. Because there is an imped-
ance between a grounding electrode and ab-

solute ground, there will be a voltage dif-
ference between the grounding electrode and 
absolute ground under ground-fault condi-
tions. Voltage dissipates from the grounding 
electrode (or from the grounding point) and 
creates a ground potential gradient. The 
voltage decreases rapidly with increasing 
distance from the grounding electrode. A 
voltage drop associated with this dissipation 
of voltage is a ground potential. Figure 1 is 
a typical voltage-gradient distribution curve 
(assuming a uniform soil texture). 
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B. Step and touch potentials. Figure 1 also 
shows that workers are at risk from step and 
touch potentials. Step potential is the volt-
age between the feet of a person standing 

near an energized grounded object (the elec-
trode). In Figure 1, the step potential is 
equal to the difference in voltage between 
two points at different distances from the 
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electrode (where the points represent the lo-
cation of each foot in relation to the elec-
trode). A person could be at risk of injury 
during a fault simply by standing near the 
object. 

Touch potential is the voltage between the 
energized grounded object (again, the elec-
trode) and the feet of a person in contact 
with the object. In Figure 1, the touch poten-
tial is equal to the difference in voltage be-
tween the electrode (which is at a distance of 
0 meters) and a point some distance away 
from the electrode (where the point rep-

resents the location of the feet of the person 
in contact with the object). The touch poten-
tial could be nearly the full voltage across 
the grounded object if that object is ground-
ed at a point remote from the place where 
the person is in contact with it. For exam-
ple, a crane grounded to the system neutral 
and that contacts an energized line would ex-
pose any person in contact with the crane or 
its uninsulated load line to a touch potential 
nearly equal to the full fault voltage. 

Figure 2 illustrates step and touch poten-
tials. 
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III. PROTECTING WORKERS FROM HAZARDOUS 
DIFFERENCES IN ELECTRICAL POTENTIAL 

A. Definitions. The following definitions 
apply to section III of this appendix: 

Bond. The electrical interconnection of 
conductive parts designed to maintain a 
common electric potential. 

Bonding cable (bonding jumper). A cable con-
nected to two conductive parts to bond the 
parts together. 

Cluster bar. A terminal temporarily at-
tached to a structure that provides a means 
for the attachment and bonding of grounding 
and bonding cables to the structure. 

Ground. A conducting connection between 
an electric circuit or equipment and the 
earth, or to some conducting body that 
serves in place of the earth. 

Grounding cable (grounding jumper). A cable 
connected between a deenergized part and 
ground. Note that grounding cables carry 
fault current and bonding cables generally 
do not. A cable that bonds two conductive 
parts but carries substantial fault current 
(for example, a jumper connected between 
one phase and a grounded phase) is a ground-
ing cable. 

Ground mat (grounding grid). A temporarily 
or permanently installed metallic mat or 
grating that establishes an equipotential 
surface and provides connection points for 
attaching grounds. 

B. Analyzing the hazard. The employer can 
use an engineering analysis of the power sys-
tem under fault conditions to determine 
whether hazardous step and touch voltages 
will develop. The analysis should determine 
the voltage on all conductive objects in the 
work area and the amount of time the volt-
age will be present. Based on the this anal-
ysis, the employer can select appropriate 
measures and protective equipment, includ-
ing the measures and protective equipment 
outlined in Section III of this appendix, to 
protect each employee from hazardous dif-
ferences in electric potential. For example, 
from the analysis, the employer will know 
the voltage remaining on conductive objects 
after employees install bonding and ground-
ing equipment and will be able to select insu-

lating equipment with an appropriate rating, 
as described in paragraph III.C.2 of this ap-
pendix. 

C. Protecting workers on the ground. The em-
ployer may use several methods, including 
equipotential zones, insulating equipment, 
and restricted work areas, to protect em-
ployees on the ground from hazardous dif-
ferences in electrical potential. 

1. An equipotential zone will protect work-
ers within it from hazardous step and touch 
potentials. (See Figure 3.) Equipotential 
zones will not, however, protect employees 
located either wholly or partially outside the 
protected area. The employer can establish 
an equipotential zone for workers on the 
ground, with respect to a grounded object, 
through the use of a metal mat connected to 
the grounded object. The employer can use a 
grounding grid to equalize the voltage within 
the grid or bond conductive objects in the 
immediate work area to minimize the poten-
tial between the objects and between each 
object and ground. (Bonding an object out-
side the work area can increase the touch po-
tential to that object, however.) Section 
III.D of this appendix discusses equipotential 
zones for employees working on deenergized 
and grounded power lines. 

2. Insulating equipment, such as rubber 
gloves, can protect employees handling 
grounded equipment and conductors from 
hazardous touch potentials. The insulating 
equipment must be rated for the highest 
voltage that can be impressed on the ground-
ed objects under fault conditions (rather 
than for the full system voltage). 

3. Restricting employees from areas where 
hazardous step or touch potentials could 
arise can protect employees not directly in-
volved in performing the operation. The em-
ployer must ensure that employees on the 
ground in the vicinity of transmission struc-
tures are at a distance where step voltages 
would be insufficient to cause injury. Em-
ployees must not handle grounded conduc-
tors or equipment likely to become energized 
to hazardous voltages unless the employees 
are within an equipotential zone or protected 
by insulating equipment. 
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D. Protecting employees working on deener-
gized and grounded power lines. This Section 
III.D of Appendix C establishes guidelines to 
help employers comply with requirements in 
§ 1910.269(n) for using protective grounding to 

protect employees working on deenergized 
power lines. Paragraph (n) of § 1910.269 ap-
plies to grounding of transmission and dis-
tribution lines and equipment for the pur-
pose of protecting workers. Paragraph (n)(3) 
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3 The protective grounding required by 
§ 1910.269(n) limits to safe values the poten-
tial differences between accessible objects in 
each employee’s work environment. Ideally, 
a protective grounding system would create 
a true equipotential zone in which every 

point is at the same electric potential. In 
practice, current passing through the 
grounding and bonding elements creates po-
tential differences. If these potential dif-
ferences are hazardous, the employer may 
not treat the zone as an equipotential zone. 

of § 1910.269 requires temporary protective 
grounds to be placed at such locations and 
arranged in such a manner that the em-
ployer can demonstrate will prevent expo-
sure of each employee to hazardous dif-
ferences in electric potential.3 Sections 
III.D.1 and III.D.2 of this appendix provide 
guidelines that employers can use in making 
the demonstration required by 
§ 1910.269(n)(3). Section III.D.1 of this appen-
dix provides guidelines on how the employer 
can determine whether particular grounding 
practices expose employees to hazardous dif-
ferences in electric potential. Section III.D.2 
of this appendix describes grounding meth-
ods that the employer can use in lieu of an 
engineering analysis to make the demonstra-
tion required by § 1910.269(n)(3). The Occupa-
tional Safety and Health Administration will 
consider employers that comply with the cri-
teria in this appendix as meeting 
§ 1910.269(n)(3). 

Finally, Section III.D.3 of this appendix 
discusses other safety considerations that 
will help the employer comply with other re-
quirements in § 1910.269(n). Following these 
guidelines will protect workers from hazards 
that can occur when a deenergized and 
grounded line becomes energized. 

1. Determining safe body current limits. This 
Section III.D.1 of Appendix C provides guide-
lines on how an employer can determine 
whether any differences in electric potential 
to which workers could be exposed are haz-
ardous as part of the demonstration required 
by § 1910.269(n)(3). 

Institute of Electrical and Electronic Engi-
neers (IEEE) Standard 1048–2003, IEEE Guide 
for Protective Grounding of Power Lines, pro-
vides the following equation for determining 
the threshold of ventricular fibrillation when 
the duration of the electric shock is limited: 

where I is the current through the worker’s 
body, and t is the duration of the current in 
seconds. This equation represents the ven-
tricular fibrillation threshold for 95.5 percent 
of the adult population with a mass of 50 
kilograms (110 pounds) or more. The equa-
tion is valid for current durations between 
0.0083 to 3.0 seconds. 

To use this equation to set safe voltage 
limits in an equipotential zone around the 
worker, the employer will need to assume a 
value for the resistance of the worker’s body. 
IEEE Std 1048–2003 states that ‘‘total body 
resistance is usually taken as 1000 W for de-
termining . . . body current limits.’’ How-
ever, employers should be aware that the im-
pedance of a worker’s body can be substan-
tially less than that value. For instance, 
IEEE Std 1048–2003 reports a minimum hand- 
to-hand resistance of 610 ohms and an inter-
nal body resistance of 500 ohms. The internal 
resistance of the body better represents the 
minimum resistance of a worker’s body when 
the skin resistance drops near zero, which 
occurs, for example, when there are breaks 
in the worker’s skin, for instance, from cuts 
or from blisters formed as a result of the cur-

rent from an electric shock, or when the 
worker is wet at the points of contact. 

Employers may use the IEEE Std 1048–2003 
equation to determine safe body current lim-
its only if the employer protects workers 
from hazards associated with involuntary 
muscle reactions from electric shock (for ex-
ample, the hazard to a worker from falling as 
a result of an electric shock). Moreover, the 
equation applies only when the duration of 
the electric shock is limited. If the pre-
cautions the employer takes, including those 
required by applicable standards, do not ade-
quately protect employees from hazards as-
sociated with involuntary reactions from 
electric shock, a hazard exists if the induced 
voltage is sufficient to pass a current of 1 
milliampere through a 500-ohm resistor. (The 
500-ohm resistor represents the resistance of 
an employee. The 1-milliampere current is 
the threshold of perception.) Finally, if the 
employer protects employees from injury 
due to involuntary reactions from electric 
shock, but the duration of the electric shock 
is unlimited (that is, when the fault current 
at the work location will be insufficient to 
trip the devices protecting the circuit), a 
hazard exists if the resultant current would 
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4 Electric current passing through the body 
has varying effects depending on the amount 
of the current. At the let-go threshold, the 
current overrides a person’s control over his 
or her muscles. At that level, an employee 
grasping an object will not be able to let go 
of the object. The let-go threshold varies 
from person to person; however, the recog-
nized value for workers is 6 milliamperes. 

be more than 6 milliamperes (the recognized 
let-go threshold for workers 4). 

2. Acceptable methods of grounding for em-
ployers that do not perform an engineering de-
termination. The grounding methods pre-
sented in this section of this appendix ensure 
that differences in electric potential are as 
low as possible and, therefore, meet 
§ 1910.269(n)(3) without an engineering deter-
mination of the potential differences. These 
methods follow two principles: (i) The 
grounding method must ensure that the cir-
cuit opens in the fastest available clearing 
time, and (ii) the grounding method must en-
sure that the potential differences between 
conductive objects in the employee’s work 
area are as low as possible. 

Paragraph (n)(3) of § 1910.269 does not re-
quire grounding methods to meet the cri-
teria embodied in these principles. Instead, 
the paragraph requires that protective 
grounds be ‘‘placed at such locations and ar-
ranged in such a manner that the employer 
can demonstrate will prevent exposure of 
each employee to hazardous differences in 
electric potential.’’ However, when the em-
ployer’s grounding practices do not follow 
these two principles, the employer will need 
to perform an engineering analysis to make 
the demonstration required by 
§ 1910.269(n)(3). 

i. Ensuring that the circuit opens in the fast-
est available clearing time. Generally, the 
higher the fault current, the shorter the 
clearing times for the same type of fault. 
Therefore, to ensure the fastest available 
clearing time, the grounding method must 
maximize the fault current with a low im-
pedance connection to ground. The employer 
accomplishes this objective by grounding the 
circuit conductors to the best ground avail-
able at the worksite. Thus, the employer 
must ground to a grounded system neutral 
conductor, if one is present. A grounded sys-
tem neutral has a direct connection to the 
system ground at the source, resulting in an 
extremely low impedance to ground. In a 
substation, the employer may instead 
ground to the substation grid, which also has 
an extremely low impedance to the system 
ground and, typically, is connected to a 
grounded system neutral when one is 
present. Remote system grounds, such as 
pole and tower grounds, have a higher imped-
ance to the system ground than grounded 
system neutrals and substation grounding 

grids; however, the employer may use a re-
mote ground when lower impedance grounds 
are not available. In the absence of a ground-
ed system neutral, substation grid, and re-
mote ground, the employer may use a tem-
porary driven ground at the worksite. 

In addition, if employees are working on a 
three-phase system, the grounding method 
must short circuit all three phases. Short 
circuiting all phases will ensure faster clear-
ing and lower the current through the 
grounding cable connecting the deenergized 
line to ground, thereby lowering the voltage 
across that cable. The short circuit need not 
be at the worksite; however, the employer 
must treat any conductor that is not ground-
ed at the worksite as energized because the 
ungrounded conductors will be energized at 
fault voltage during a fault. 

ii. Ensuring that the potential differences be-
tween conductive objects in the employee’s work 
area are as low as possible. To achieve as low 
a voltage as possible across any two conduc-
tive objects in the work area, the employer 
must bond all conductive objects in the work 
area. This section of this appendix discusses 
how to create a zone that minimizes dif-
ferences in electric potential between con-
ductive objects in the work area. 

The employer must use bonding cables to 
bond conductive objects, except for metallic 
objects bonded through metal-to-metal con-
tact. The employer must ensure that metal- 
to-metal contacts are tight and free of con-
tamination, such as oxidation, that can in-
crease the impedance across the connection. 
For example, a bolted connection between 
metal lattice tower members is acceptable if 
the connection is tight and free of corrosion 
and other contamination. Figure 4 shows 
how to create an equipotential zone for 
metal lattice towers. 

Wood poles are conductive objects. The 
poles can absorb moisture and conduct elec-
tricity, particularly at distribution and 
transmission voltages. Consequently, the 
employer must either: (1) Provide a conduc-
tive platform, bonded to a grounding cable, 
on which the worker stands or (2) use cluster 
bars to bond wood poles to the grounding 
cable. The employer must ensure that em-
ployees install the cluster bar below, and 
close to, the worker’s feet. The inner portion 
of the wood pole is more conductive than the 
outer shell, so it is important that the clus-
ter bar be in conductive contact with a 
metal spike or nail that penetrates the wood 
to a depth greater than or equal to the depth 
the worker’s climbing gaffs will penetrate 
the wood. For example, the employer could 
mount the cluster bar on a bare pole ground 
wire fastened to the pole with nails or sta-
ples that penetrate to the required depth. Al-
ternatively, the employer may temporarily 
nail a conductive strap to the pole and con-
nect the strap to the cluster bar. Figure 5 
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shows how to create an equipotential zone 
for wood poles. 
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For underground systems, employers com-
monly install grounds at the points of dis-
connection of the underground cables. These 
grounding points are typically remote from 
the manhole or underground vault where em-
ployees will be working on the cable. Work-
ers in contact with a cable grounded at a re-
mote location can experience hazardous po-
tential differences if the cable becomes ener-

gized or if a fault occurs on a different, but 
nearby, energized cable. The fault current 
causes potential gradients in the earth, and 
a potential difference will exist between the 
earth where the worker is standing and the 
earth where the cable is grounded. Con-
sequently, to create an equipotential zone 
for the worker, the employer must provide a 
means of connecting the deenergized cable to 
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5 This appendix only discusses factors that 
relate to ensuring an equipotential zone for 
employees. The employer must consider 
other factors in selecting a grounding sys-
tem that is capable of conducting the max-
imum fault current that could flow at the 
point of grounding for the time necessary to 
clear the fault, as required by 
§ 1910.269(n)(4)(i). IEEE Std 1048–2003 contains 
guidelines for selecting and installing 
grounding equipment that will meet 
§ 1910.269(n)(4)(i). 

1 A properly guyed pole in good condition 
should, at a minimum, be able to handle the 
weight of an employee climbing it. 

2 The presence of any of these conditions is 
an indication that the pole may not be safe 
to climb or to work from. The employee per-
forming the inspection must be qualified to 
make a determination as to whether it is 
safe to perform the work without taking ad-
ditional precautions. 

ground at the worksite by having the worker 
stand on a conductive mat bonded to the de-
energized cable. If the cable is cut, the em-
ployer must install a bond across the open-
ing in the cable or install one bond on each 
side of the opening to ensure that the sepa-
rate cable ends are at the same potential. 
The employer must protect the worker from 
any hazardous differences in potential any 
time there is no bond between the mat and 
the cable (for example, before the worker in-
stalls the bonds). 

3. Other safety-related considerations. To en-
sure that the grounding system is safe and 
effective, the employer should also consider 
the following factors: 5 

i. Maintenance of grounding equipment. It is 
essential that the employer properly main-
tain grounding equipment. Corrosion in the 
connections between grounding cables and 
clamps and on the clamp surface can in-
crease the resistance of the cable, thereby 
increasing potential differences. In addition, 
the surface to which a clamp attaches, such 
as a conductor or tower member, must be 
clean and free of corrosion and oxidation to 
ensure a low-resistance connection. Cables 
must be free of damage that could reduce 
their current-carrying capacity so that they 
can carry the full fault current without fail-
ure. Each clamp must have a tight connec-
tion to the cable to ensure a low resistance 
and to ensure that the clamp does not sepa-
rate from the cable during a fault. 

ii. Grounding cable length and movement. 
The electromagnetic forces on grounding ca-
bles during a fault increase with increasing 
cable length. These forces can cause the 
cable to move violently during a fault and 
can be high enough to damage the cable or 
clamps and cause the cable to fail. In addi-
tion, flying cables can injure workers. Con-
sequently, cable lengths should be as short 
as possible, and grounding cables that might 
carry high fault current should be in posi-
tions where the cables will not injure work-
ers during a fault. 

APPENDIX D TO § 1910.269—METHODS OF 
INSPECTING AND TESTING WOOD POLES 

I. INTRODUCTION 

When employees are to perform work on a 
wood pole, it is important to determine the 
condition of the pole before employees climb 
it. The weight of the employee, the weight of 
equipment to be installed, and other working 
stresses (such as the removal or retensioning 
of conductors) can lead to the failure of a de-
fective pole or a pole that is not designed to 
handle the additional stresses.1 For these 
reasons, it is essential that, before an em-
ployee climbs a wood pole, the employer as-
certain that the pole is capable of sustaining 
the stresses of the work. The determination 
that the pole is capable of sustaining these 
stresses includes an inspection of the condi-
tion of the pole. 

If the employer finds the pole to be unsafe 
to climb or to work from, the employer must 
secure the pole so that it does not fail while 
an employee is on it. The employer can se-
cure the pole by a line truck boom, by ropes 
or guys, or by lashing a new pole alongside 
it. If a new one is lashed alongside the defec-
tive pole, employees should work from the 
new one. 

II. INSPECTING WOOD POLES 

A qualified employee should inspect wood 
poles for the following conditions: 2 

A. General condition. Buckling at the 
ground line or an unusual angle with respect 
to the ground may indicate that the pole has 
rotted or is broken. 

B. Cracks. Horizontal cracks perpendicular 
to the grain of the wood may weaken the 
pole. Vertical cracks, although not normally 
considered to be a sign of a defective pole, 
can pose a hazard to the climber, and the 
employee should keep his or her gaffs away 
from them while climbing. 

C. Holes. Hollow spots and woodpecker 
holes can reduce the strength of a wood pole. 

D. Shell rot and decay. Rotting and decay 
are cutout hazards and possible indications 
of the age and internal condition of the pole. 

E. Knots. One large knot or several smaller 
ones at the same height on the pole may be 
evidence of a weak point on the pole. 

F. Depth of setting. Evidence of the exist-
ence of a former ground line substantially 
above the existing ground level may be an 
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1 Flame-resistant clothing includes cloth-
ing that is inherently flame resistant and 
clothing chemically treated with a flame re-
tardant. (See ASTM F1506–10a, Standard Per-
formance Specification for Flame Resistant Tex-
tile Materials for Wearing Apparel for Use by 
Electrical Workers Exposed to Momentary Elec-
tric Arc and Related Thermal Hazards, and 
ASTM F1891–12 Standard Specification for Arc 
and Flame Resistant Rainwear.) 

indication that the pole is no longer buried 
to a sufficient depth. 

G. Soil conditions. Soft, wet, or loose soil 
around the base of the pole may indicate 
that the pole will not support any change in 
stress. 

H. Burn marks. Burning from transformer 
failures or conductor faults could damage 
the pole so that it cannot withstand changes 
in mechanical stress. 

III. TESTING WOOD POLES 

The following tests, which are from 
§ 1910.268(n)(3), are acceptable methods of 
testing wood poles: 

A. Hammer test. Rap the pole sharply with 
a hammer weighing about 1.4 kg (3 pounds), 
starting near the ground line and continuing 
upwards circumferentially around the pole 
to a height of approximately 1.8 meters (6 
feet). The hammer will produce a clear sound 
and rebound sharply when striking sound 
wood. Decay pockets will be indicated by a 
dull sound or a less pronounced hammer re-
bound. Also, prod the pole as near the ground 
line as possible using a pole prod or a screw-
driver with a blade at least 127 millimeters (5 
inches) long. If substantial decay is present, 
the pole is unsafe. 

B. Rocking test. Apply a horizontal force to 
the pole and attempt to rock it back and 
forth in a direction perpendicular to the line. 
Exercise caution to avoid causing power 
lines to swing together. Apply the force to 
the pole either by pushing it with a pike pole 
or pulling the pole with a rope. If the pole 
cracks during the test, it is unsafe. 

APPENDIX E TO § 1910.269—PROTECTION FROM 
FLAMES AND ELECTRIC ARCS 

I. INTRODUCTION 

Paragraph (l)(8) of § 1910.269 addresses pro-
tecting employees from flames and electric 
arcs. This paragraph requires employers to: 
(1) Assess the workplace for flame and elec-
tric-arc hazards (paragraph (l)(8)(i)); (2) esti-
mate the available heat energy from electric 
arcs to which employees would be exposed 
(paragraph (l)(8)(ii)); (3) ensure that employ-
ees wear clothing that will not melt, or ig-
nite and continue to burn, when exposed to 
flames or the estimated heat energy (para-
graph (l)(8)(iii)); and (4) ensure that employ-
ees wear flame-resistant clothing 1 and pro-

tective clothing and other protective equip-
ment that has an arc rating greater than or 
equal to the available heat energy under cer-
tain conditions (paragraphs (l)(8)(iv) and 
(l)(8)(v)). This appendix contains information 
to help employers estimate available heat 
energy as required by § 1910.269(l)(8)(ii), select 
protective clothing and other protective 
equipment with an arc rating suitable for 
the available heat energy as required by 
§ 1910.269(l)(8)(v), and ensure that employees 
do not wear flammable clothing that could 
lead to burn injury as addressed by 
§§ 1910.269(l)(8)(iii) and (l)(8)(iv). 

II. ASSESSING THE WORKPLACE FOR FLAME 
AND ELECTRIC-ARC HAZARDS 

Paragraph (l)(8)(i) of § 1910.269 requires the 
employer to assess the workplace to identify 
employees exposed to hazards from flames or 
from electric arcs. This provision ensures 
that the employer evaluates employee expo-
sure to flames and electric arcs so that em-
ployees who face such exposures receive the 
required protection. The employer must con-
duct an assessment for each employee who 
performs work on or near exposed, energized 
parts of electric circuits. 

A. Assessment Guidelines 

Sources electric arcs. Consider possible 
sources of electric arcs, including: 

• Energized circuit parts not guarded or in-
sulated, 

• Switching devices that produce electric 
arcs in normal operation, 

• Sliding parts that could fault during op-
eration (for example, rack-mounted circuit 
breakers), and 

• Energized electric equipment that could 
fail (for example, electric equipment with 
damaged insulation or with evidence of arc-
ing or overheating). 

Exposure to flames. Identify employees ex-
posed to hazards from flames. Factors to 
consider include: 

• The proximity of employees to open 
flames, and 

• For flammable material in the work 
area, whether there is a reasonable likeli-
hood that an electric arc or an open flame 
can ignite the material. 

Probability that an electric arc will occur. 
Identify employees exposed to electric-arc 
hazards. The Occupational Safety and Health 
Administration will consider an employee 
exposed to electric-arc hazards if there is a 
reasonable likelihood that an electric arc 
will occur in the employee’s work area, in 
other words, if the probability of such an 
event is higher than it is for the normal op-
eration of enclosed equipment. Factors to 
consider include: 

• For energized circuit parts not guarded 
or insulated, whether conductive objects can 
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come too close to or fall onto the energized 
parts, 

• For exposed, energized circuit parts, 
whether the employee is closer to the part 
than the minimum approach distance estab-
lished by the employer (as permitted by 
§ 1910.269(l)(3)(iii)). 

• Whether the operation of electric equip-
ment with sliding parts that could fault dur-
ing operation is part of the normal operation 

of the equipment or occurs during servicing 
or maintenance, and 

• For energized electric equipment, wheth-
er there is evidence of impending failure, 
such as evidence of arcing or overheating. 

B. Examples 

Table 1 provides task-based examples of ex-
posure assessments. 

TABLE 1—EXAMPLE ASSESSMENTS FOR VARIOUS TASKS 

Task Is employee exposed to 
flame or electric-arc haz-
ard? 

Normal operation of enclosed equipment, such 
as closing or opening a switch.

The employer properly installs and maintains 
enclosed equipment, and there is no evi-
dence of impending failure.

No. 

There is evidence of arcing or overheating ...... Yes. 
Parts of the equipment are loose or sticking, 

or the equipment otherwise exhibits signs of 
lack of maintenance.

Yes. 

Servicing electric equipment, such as racking in a circuit breaker or replacing a switch ................ Yes. 

Inspection of electric equipment with exposed 
energized parts. 

The employee is not holding conductive ob-
jects and remains outside the minimum ap-
proach distance established by the employer.

No. 

The employee is holding a conductive object, 
such as a flashlight, that could fall or other-
wise contact energized parts (irrespective of 
whether the employee maintains the min-
imum approach distance).

Yes. 

The employee is closer than the minimum ap-
proach distance established by the employer 
(for example, when wearing rubber insu-
lating gloves or rubber insulating gloves and 
sleeves).

Yes. 

Using open flames, for example, in wiping cable splice sleeves ..................................................... Yes. 

III. PROTECTION AGAINST BURN INJURY 

A. Estimating Available Heat Energy 

Calculation methods. Paragraph (l)(8)(ii) of 
§ 1910.269 provides that, for each employee ex-
posed to an electric-arc hazard, the employer 
must make a reasonable estimate of the heat 
energy to which the employee would be ex-
posed if an arc occurs. Table 2 lists various 
methods of calculating values of available 
heat energy from an electric circuit. The Oc-
cupational Safety and Health Administra-
tion does not endorse any of these specific 

methods. Each method requires the input of 
various parameters, such as fault current, 
the expected length of the electric arc, the 
distance from the arc to the employee, and 
the clearing time for the fault (that is, the 
time the circuit protective devices take to 
open the circuit and clear the fault). The em-
ployer can precisely determine some of these 
parameters, such as the fault current and 
the clearing time, for a given system. The 
employer will need to estimate other param-
eters, such as the length of the arc and the 
distance between the arc and the employee, 
because such parameters vary widely. 

TABLE 2—METHODS OF CALCULATING INCIDENT HEAT ENERGY FROM AN ELECTRIC ARC 

1. Standard for Electrical Safety Requirements for Employee Workplaces, NFPA 70E–2012, 
Annex D, ‘‘Sample Calculation of Flash Protection Boundary.’’ 

2. Doughty, T.E., Neal, T.E., and Floyd II, H.L., ‘‘Predicting Incident Energy to Better Manage 
the Electric Arc Hazard on 600 V Power Distribution Systems,’’ Record of Conference Papers 
IEEE IAS 45th Annual Petroleum and Chemical Industry Conference, September 28–30, 
1998. 
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TABLE 2—METHODS OF CALCULATING INCIDENT HEAT ENERGY FROM AN ELECTRIC ARC—Continued 

3. Guide for Performing Arc-Flash Hazard Calculations, IEEE Std 1584–2002, 1584a–2004 
(Amendment 1 to IEEE Std 1584–2002), and 1584b–2011 (Amendment 2: Changes to 
Clause 4 of IEEE Std 1584–2002).* 

4. ARCPRO, a commercially available software program developed by Kinectrics, Toronto, ON, 
CA. 

* This appendix refers to IEEE Std 1584–2002 with both amendments as IEEE Std 1584b–2011. 

The amount of heat energy calculated by 
any of the methods is approximately in-
versely proportional to the square of the dis-
tance between the employee and the arc. In 
other words, if the employee is very close to 
the arc, the heat energy is very high; but if 
the employee is just a few more centimeters 
away, the heat energy drops substantially. 
Thus, estimating the distance from the arc 

to the employee is key to protecting employ-
ees. 

The employer must select a method of esti-
mating incident heat energy that provides a 
reasonable estimate of incident heat energy 
for the exposure involved. Table 3 shows 
which methods provide reasonable estimates 
for various exposures. 

TABLE 3—SELECTING A REASONABLE INCIDENT-ENERGY CALCULATION METHOD 1 

Incident-energy cal-
culation method 

600 V and Less 2 601 V to 15 kV 2 More than 15 kV 

1F 3Fa 3Fb 1F 3Fa 3Fb 1F 3Fa 3Fb 

NFPA 70E–2012 
Annex D (Lee equa-
tion).

Y–C Y N Y–C Y–C N N 3 N 3 N 3 

Doughty, Neal, and 
Floyd.

Y–C Y Y N N N N N N 

IEEE Std 1584b–2011 Y Y Y Y Y Y N N N 
ARCPRO .................... Y N N Y N N Y Y 4 Y 4 

Key: 
1F: Single-phase arc in open air. 
3Fa: Three-phase arc in open air. 
3Fb: Three-phase arc in an enclosure (box). 
Y: Acceptable; produces a reasonable estimate of incident heat energy from this type of electric arc. 
N: Not acceptable; does not produce a reasonable estimate of incident heat energy from this type of electric arc. 
Y–C: Acceptable; produces a reasonable, but conservative, estimate of incident heat energy from this type of electric arc. 
Notes: 
1 Although the Occupational Safety and Health Administration will consider these methods reasonable for enforcement pur-

poses when employers use the methods in accordance with this table, employers should be aware that the listed methods do not 
necessarily result in estimates that will provide full protection from internal faults in transformers and similar equipment or from 
arcs in underground manholes or vaults. 

2 At these voltages, the presumption is that the arc is three-phase unless the employer can demonstrate that only one phase is 
present or that the spacing of the phases is sufficient to prevent a multiphase arc from occurring. 

3 Although the Occupational Safety and Health Administration will consider this method acceptable for purposes of assessing 
whether incident energy exceeds 2.0 cal/cm2, the results at voltages of more than 15 kilovolts are extremely conservative and 
unrealistic. 

4 The Occupational Safety and Health Administration will deem the results of this method reasonable when the employer ad-
justs them using the conversion factors for three-phase arcs in open air or in an enclosure, as indicated in the program’s 
instructions. 

Selecting a reasonable distance from the em-
ployee to the arc. In estimating available heat 
energy, the employer must make some rea-
sonable assumptions about how far the em-
ployee will be from the electric arc. Table 4 
lists reasonable distances from the employee 
to the electric arc. The distances in Table 4 
are consistent with national consensus 
standards, such as the Institute of Electrical 
and Electronic Engineers’ National Electrical 
Safety Code, ANSI/IEEE C2–2012, and IEEE 

Guide for Performing Arc-Flash Hazard Cal-
culations, IEEE Std 1584b–2011. The employer 
is free to use other reasonable distances, but 
must consider equipment enclosure size and 
the working distance to the employee in se-
lecting a distance from the employee to the 
arc. The Occupational Safety and Health Ad-
ministration will consider a distance reason-
able when the employer bases it on equip-
ment size and working distance. 
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2 The Occupational Safety and Health Ad-
ministration used metric values to calculate 
the clearing times in Table 6 and Table 7. An 
employer may use English units to calculate 
clearing times instead even though the re-
sults will differ slightly. 

TABLE 4—SELECTING A REASONABLE DISTANCE FROM THE EMPLOYEE TO THE ELECTRIC ARC 

Class of equipment Single-phase arc mm 
(inches) 

Three-phase arc mm 
(inches) 

Cable ............................................................................................................. * NA 455 (18) 
Low voltage MCCs and panelboards ............................................................ NA 455 (18) 
Low-voltage switchgear ................................................................................. NA 610 (24) 
5-kV switchgear ............................................................................................. NA 910 (36) 
15-kV switchgear ........................................................................................... NA 910 (36) 
Single conductors in air (up to 46 kilovolts), work with rubber insulating 

gloves ......................................................................................................... 380 (15) NA 
Single conductors in air, work with live-line tools and live-line barehand 

work ........................................................................................................... MAD ¥ (2 × kV × 2.54) 
(MAD ¥ (2 × kV /10)) † 

NA 

* NA = not applicable. 
† The terms in this equation are: 
MAD = The applicable minimum approach distance, and 
kV = The system voltage in kilovolts. 

Selecting a reasonable arc gap. For a single- 
phase arc in air, the electric arc will almost 
always occur when an energized conductor 
approaches too close to ground. Thus, an em-
ployer can determine the arc gap, or arc 
length, for these exposures by the dielectric 
strength of air and the voltage on the line. 
The dielectric strength of air is approxi-
mately 10 kilovolts for every 25.4 millimeters 
(1 inch). For example, at 50 kilovolts, the arc 
gap would be 50 ÷ 10 × 25.4 (or 50 × 2.54), which 
equals 127 millimeters (5 inches). 

For three-phase arcs in open air and in en-
closures, the arc gap will generally be de-

pendent on the spacing between parts ener-
gized at different electrical potentials. Docu-
ments such as IEEE Std 1584b–2011 provide 
information on these distances. Employers 
may select a reasonable arc gap from Table 
5, or they may select any other reasonable 
arc gap based on sparkover distance or on 
the spacing between (1) live parts at different 
potentials or (2) live parts and grounded 
parts (for example, bus or conductor spacings 
in equipment). In any event, the employer 
must use an estimate that reasonably resem-
bles the actual exposures faced by the em-
ployee. 

TABLE 5—SELECTING A REASONABLE ARC GAP 

Class of equipment Single-phase arc mm 
(inches) 

Three-phase arc mm 1 
(inches) 

Cable ..................................................................... NA 2 ................................................... 13 (0.5). 
Low voltage MCCs and panelboards .................... NA ...................................................... 25 (1.0). 
Low-voltage switchgear ......................................... NA ...................................................... 32 (1.25). 
5-kV switchgear ..................................................... NA ...................................................... 104 (4.0). 
15-kV switchgear ................................................... NA ...................................................... 152 (6.0). 
Single conductors in air, 15 kV and less. ............. 51 (2.0) .............................................. Phase conductor spacing. 
Single conductor in air, more than 15 kV ............. Voltage in kV × 2.54 ..........................

(Voltage in kV × 0.1), but no less 
than 51 mm (2 inches).

Phase conductor spacing. 

1 Source: IEEE Std 1584b–2011. 
2 NA = not applicable. 

Making estimates over multiple system areas. 
The employer need not estimate the heat-en-
ergy exposure for every job task performed 
by each employee. Paragraph (l)(8)(ii) of 
§ 1910.269 permits the employer to make 
broad estimates that cover multiple system 
areas provided that: (1) The employer uses 
reasonable assumptions about the energy-ex-
posure distribution throughout the system, 
and (2) the estimates represent the max-
imum exposure for those areas. For example, 
the employer can use the maximum fault 
current and clearing time to cover several 
system areas at once. 

Incident heat energy for single-phase-to- 
ground exposures. Table 6 and Table 7 provide 

incident heat energy levels for open-air, 
phase-to-ground electric-arc exposures typ-
ical for overhead systems.2 Table 6 presents 
estimates of available energy for employees 
using rubber insulating gloves to perform 
work on overhead systems operating at 4 to 
46 kilovolts. The table assumes that the em-
ployee will be 380 millimeters (15 inches) 
from the electric arc, which is a reasonable 
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3 The Occupational Safety and Health Ad-
ministration based this assumption, which is 
more conservative than the arc length speci-
fied in Table 5, on Table 410–2 of the 2012 
NESC. 

4 The dielectric strength of air is about 10 
kilovolts for every 25.4 millimeters (1 inch). 
Thus, the employer can estimate the arc 
length in millimeters to be the phase-to- 
ground voltage in kilovolts multiplied by 
2.54 (or voltage (in kilovolts) × 2.54). 

estimate for rubber insulating glove work. 
Table 6 also assumes that the arc length 
equals the sparkover distance for the max-
imum transient overvoltage of each voltage 
range.3 To use the table, an employer would 
use the voltage, maximum fault current, and 
maximum clearing time for a system area 
and, using the appropriate voltage range and 
fault-current and clearing-time values cor-
responding to the next higher values listed 
in the table, select the appropriate heat en-
ergy (4, 5, 8, or 12 cal/cm2) from the table. 
For example, an employer might have a 
12,470-volt power line supplying a system 
area. The power line can supply a maximum 
fault current of 8 kiloamperes with a max-
imum clearing time of 10 cycles. For rubber 
glove work, this system falls in the 4.0-to- 
15.0-kilovolt range; the next-higher fault cur-
rent is 10 kA (the second row in that voltage 
range); and the clearing time is under 18 cy-
cles (the first column to the right of the 
fault current column). Thus, the available 
heat energy for this part of the system will 
be 4 cal/cm2 or less (from the column head-
ing), and the employer could select protec-
tion with a 5-cal/cm2 rating to meet 
§ 1910.269(l)(8)(v). Alternatively, an employer 
could select a base incident-energy value and 
ensure that the clearing times for each volt-
age range and fault current listed in the 
table do not exceed the corresponding clear-

ing time specified in the table. For example, 
an employer that provides employees with 
arc-flash protective equipment rated at 8 cal/ 
cm2 can use the table to determine if any 
system area exceeds 8 cal/cm2 by checking 
the clearing time for the highest fault cur-
rent for each voltage range and ensuring 
that the clearing times do not exceed the 
values specified in the 8-cal/cm2 column in 
the table. 

Table 7 presents similar estimates for em-
ployees using live-line tools to perform work 
on overhead systems operating at voltages of 
4 to 800 kilovolts. The table assumes that the 
arc length will be equal to the sparkover dis-
tance 4 and that the employee will be a dis-
tance from the arc equal to the minimum ap-
proach distance minus twice the sparkover 
distance. 

The employer will need to use other meth-
ods for estimating available heat energy in 
situations not addressed by Table 6 or Table 
7. The calculation methods listed in Table 2 
and the guidance provided in Table 3 will 
help employers do this. For example, em-
ployers can use IEEE Std 1584b–2011 to esti-
mate the available heat energy (and to select 
appropriate protective equipment) for many 
specific conditions, including lower-voltage, 
phase-to-phase arc, and enclosed arc expo-
sures. 

TABLE 6—INCIDENT HEAT ENERGY FOR VARIOUS FAULT CURRENTS, CLEARING TIMES, AND 
VOLTAGES OF 4.0 TO 46.0 KV: RUBBER INSULATING GLOVE EXPOSURES INVOLVING PHASE-TO- 
GROUND ARCS IN OPEN AIR ONLY * † ‡ 

Voltage range 
(kV) ** 

Fault current 
(kA) 

Maximum clearing time (cycles) 

4 cal/cm2 5 cal/cm2 8 cal/cm2 12 cal/cm2 

4.0 to 15.0 ................................................. 5 46 58 92 138 
10 18 22 36 54 
15 10 12 20 30 
20 6 8 13 19 

15.1 to 25.0 ............................................... 5 28 34 55 83 
10 11 14 23 34 
15 7 8 13 20 
20 4 5 9 13 

25.1 to 36.0 ............................................... 5 21 26 42 62 
10 9 11 18 26 
15 5 6 10 16 
20 4 4 7 11 

36.1 to 46.0 ............................................... 5 16 20 32 48 
10 7 9 14 21 
15 4 5 8 13 
20 3 4 6 9 

Notes:* This table is for open-air, phase-to-ground electric-arc exposures. It is not for phase-to-phase arcs or enclosed arcs 
(arc in a box). 

† The table assumes that the employee will be 380 mm (15 in.) from the electric arc. The table also assumes the arc length to 
be the sparkover distance for the maximum transient overvoltage of each voltage range (see Appendix B to § 1910.269), as fol-
lows: 

4.0 to 15.0 kV 51 mm (2 in.) 
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15.1 to 25.0 kV 102 mm (4 in.) 
25.1 to 36.0 kV 152 mm (6 in.) 
36.1 to 46.0 kV 229 mm (9 in.) 
‡The Occupational Safety and Health Administration calculated the values in this table using the ARCPRO method listed in 

Table 2. 
** The voltage range is the phase-to-phase system voltage. 

TABLE 7—INCIDENT HEAT ENERGY FOR VARIOUS FAULT CURRENTS, CLEARING TIMES, AND 
VOLTAGES: LIVE-LINE TOOL EXPOSURES INVOLVING PHASE-TO-GROUND ARCS IN OPEN AIR 
ONLY * † ‡ # 

Voltage range 
(kV) ** 

Fault current 
(kA) 

Maximum clearing time (cycles) 

4 cal/cm2 5 cal/cm2 8 cal/cm2 12 cal/cm2 

4.0 to 15.0 ................................................. 5 197 246 394 591 
10 73 92 147 220 
15 39 49 78 117 
20 24 31 49 73 

15.1 to 25.0 ............................................... 5 197 246 394 591 
10 75 94 150 225 
15 41 51 82 122 
20 26 33 52 78 

25.1 to 36.0 ............................................... 5 138 172 275 413 
10 53 66 106 159 
15 30 37 59 89 
20 19 24 38 58 

36.1 to 46.0 ............................................... 5 129 161 257 386 
10 51 64 102 154 
15 29 36 58 87 
20 19 24 38 57 

46.1 to 72.5 ............................................... 20 18 23 36 55 
30 10 13 20 30 
40 6 8 13 19 
50 4 6 9 13 

72.6 to 121.0 ............................................. 20 10 12 20 30 
30 6 7 11 17 
40 4 5 7 11 
50 3 3 5 8 

121.1 to 145.0 ........................................... 20 12 15 24 35 
30 7 9 15 22 
40 5 6 10 15 
50 4 5 8 11 

145.1 to 169.0 ........................................... 20 12 15 24 36 
30 7 9 15 22 
40 5 7 10 16 
50 4 5 8 12 

169.1 to 242.0 ........................................... 20 13 17 27 40 
30 8 10 17 25 
40 6 7 12 17 
50 4 5 9 13 

242.1 to 362.0 ........................................... 20 25 32 51 76 
30 16 19 31 47 
40 11 14 22 33 
50 8 10 16 25 

362.1 to 420.0 ........................................... 20 12 15 25 37 
30 8 10 15 23 
40 5 7 11 16 
50 4 5 8 12 

420.1 to 550.0 ........................................... 20 23 29 47 70 
30 14 18 29 43 
40 10 13 20 30 
50 8 9 15 23 

550.1 to 800.0 ........................................... 20 25 31 50 75 
30 15 19 31 46 
40 11 13 21 32 
50 8 10 16 24 

Notes: 
* This table is for open-air, phase-to-ground electric-arc exposures. It is not for phase-to-phase arcs or enclosed arcs (arc in a 

box). 
† The table assumes the arc length to be the sparkover distance for the maximum phase-to-ground voltage of each voltage 

range (see Appendix B to this section). The table also assumes that the employee will be the minimum approach distance minus 
twice the arc length from the electric arc. 

‡ The Occupational Safety and Health Administration calculated the values in this table using the ARCPRO method listed in 
Table 2. 

# For voltages of more than 72.6 kV, employers may use this table only when the minimum approach distance established 
under § 1910.269(l)(3)(i) is greater than or equal to the following values: 
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5 ASTM F1506–10a defines ‘‘arc thermal per-
formance value’’ as ‘‘the incident energy on 
a material or a multilayer system of mate-
rials that results in a 50% probability that 
sufficient heat transfer through the tested 
specimen is predicted to cause the onset of a 
second-degree skin burn injury based on the 
Stoll [footnote] curve, cal/cm2.’’ The foot-
note to this definition reads: ‘‘Derived from: 
Stoll, A. M., and Chianta, M. A., ‘Method and 
Rating System for Evaluations of Thermal 
Protection,’ Aerospace Medicine, Vol 40, 1969, 
pp. 1232–1238 and Stoll, A. M., and Chianta, 
M. A., ‘Heat Transfer through Fabrics as Re-
lated to Thermal Injury,’ Transactions—New 
York Academy of Sciences, Vol 33(7), Nov. 
1971, pp. 649–670.’’ 

72.6 to 121.0 kV 1.02 m. 
121.1 to 145.0 kV 1.16 m. 
145.1 to 169.0 kV 1.30 m. 
169.1 to 242.0 kV 1.72 m. 
242.1 to 362.0 kV 2.76 m. 
362.1 to 420.0 kV 2.50 m. 
420.1 to 550.0 kV 3.62 m. 
550.1 to 800.0 kV 4.83 m. 
** The voltage range is the phase-to-phase system voltage. 

B. Selecting Protective Clothing and Other 
Protective Equipment 

Paragraph (l)(8)(v) of § 1910.269 requires em-
ployers, in certain situations, to select pro-
tective clothing and other protective equip-
ment with an arc rating that is greater than 
or equal to the incident heat energy esti-
mated under § 1910.269(l)(8)(ii). Based on lab-
oratory testing required by ASTM F1506–10a, 
the expectation is that protective clothing 
with an arc rating equal to the estimated in-
cident heat energy will be capable of pre-
venting second-degree burn injury to an em-
ployee exposed to that incident heat energy 
from an electric arc. Note that actual elec-
tric-arc exposures may be more or less severe 
than the estimated value because of factors 
such as arc movement, arc length, arcing 
from reclosing of the system, secondary fires 
or explosions, and weather conditions. Addi-
tionally, for arc rating based on the fabric’s 
arc thermal performance value 5 (ATPV), a 
worker exposed to incident energy at the arc 
rating has a 50-percent chance of just barely 
receiving a second-degree burn. Therefore, it 
is possible (although not likely) that an em-
ployee will sustain a second-degree (or 
worse) burn wearing clothing conforming to 
§ 1910.269(l)(8)(v) under certain cir-
cumstances. However, reasonable employer 
estimates and maintaining appropriate min-
imum approach distances for employees 
should limit burns to relatively small burns 
that just barely extend beyond the epidermis 
(that is, just barely a second-degree burn). 
Consequently, protective clothing and other 
protective equipment meeting 
§ 1910.269(l)(8)(v) will provide an appropriate 

degree of protection for an employee exposed 
to electric-arc hazards. 

Paragraph (l)(8)(v) of § 1910.269 does not re-
quire arc-rated protection for exposures of 2 
cal/cm2 or less. Untreated cotton clothing 
will reduce a 2-cal/cm2 exposure below the 
1.2- to 1.5-cal/cm2 level necessary to cause 
burn injury, and this material should not ig-
nite at such low heat energy levels. Al-
though § 1910.269(l)(8)(v) does not require 
clothing to have an arc rating when expo-
sures are 2 cal/cm2 or less, § 1910.269(l)(8)(iv) 
requires the outer layer of clothing to be 
flame resistant under certain conditions, 
even when the estimated incident heat en-
ergy is less than 2 cal/cm2, as discussed later 
in this appendix. Additionally, it is espe-
cially important to ensure that employees do 
not wear undergarments made from fabrics 
listed in the note to § 1910.269(l)(8)(iii) even 
when the outer layer is flame resistant or 
arc rated. These fabrics can melt or ignite 
easily when an electric arc occurs. Logos and 
name tags made from non-flame-resistant 
material can adversely affect the arc rating 
or the flame-resistant characteristics of arc- 
rated or flame-resistant clothing. Such logos 
and name tags may violate § 1910.269(l)(8)(iii), 
(l)(8)(iv), or (l)(8)(v). 

Paragraph (l)(8)(v) of § 1910.269 requires 
that arc-rated protection cover the employ-
ee’s entire body, with limited exceptions for 
the employee’s hands, feet, face, and head. 
Paragraph (l)(8)(v)(A) of § 1910.269 provides 
that arc-rated protection is not necessary for 
the employee’s hands under the following 
conditions: 

For any estimated incident 
heat energy.

When the employee is wear-
ing rubber insulating gloves 
with protectors. 

If the estimated incident heat 
energy does not exceed 14 
cal/cm2.

When the employee is wear-
ing heavy-duty leather work 
gloves with a weight of at 
least 407 gm/m2 (12 oz/ 
yd2). 

Paragraph (l)(8)(v)(B) of § 1910.269 provides 
that arc-rated protection is not necessary for 
the employee’s feet when the employee is 
wearing heavy-duty work shoes or boots. Fi-
nally, § 1910.269(l)(8)(v)(C), (l)(8)(v)(D), and 
(l)(8)(v)(E) require arc-rated head and face 
protection as follows: 
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6 See § 1910.269(l)(8)(iv)(A), (l)(8)(iv)(B), and 
(l)(8)(iv)(C) for conditions under which em-
ployees must wear flame-resistant clothing 
as the outer layer of clothing even when the 
incident heat energy does not exceed 2 cal/ 
cm2. 

7 Paragraph (l)(8)(iii) of § 1910.269 prohibits 
clothing that could ignite and continue to 
burn when exposed to the heat energy esti-
mated under paragraph (l)(8)(ii) of that sec-
tion. 

8 Breakopen occurs when a hole, tear, or 
crack develops in the exposed fabric such 
that the fabric no longer effectively blocks 
incident heat energy. 

9 Static wires and pole grounds are exam-
ples of grounding conductors that might not 
be capable of carrying fault current without 
failure. Grounds that can carry the max-
imum available fault current are not a con-
cern, and employers need not consider such 
grounds a possible electric arc source. 

Exposure 

Minimum head and face protection 

None * 
Arc-rated faceshield with a 

minimum 
rating of 8 cal/cm2* 

Arc-rated hood or faceshield with 
balaclava 

Single-phase, open air ........ 2–8 cal/cm2 ........................ 9–12 cal/cm2 ...................... 13 cal/cm2 or higher †. 
Three-phase ........................ 2–4 cal/cm2 ........................ 5–8 cal/cm2 ........................ 9 cal/cm2 or higher ‡. 

* These ranges assume that employees are wearing hardhats meeting the specifications in § 1910.135 or § 1926.100(b)(2), as 
applicable. 

† The arc rating must be a minimum of 4 cal/cm2 less than the estimated incident energy. Note that § 1910.269(l)(8)(v)(E) per-
mits this type of head and face protection, with a minimum arc rating of 4 cal/cm2 less than the estimated incident energy, at any 
incident energy level. 

‡ Note that § 1910.269(l)(8)(v) permits this type of head and face protection at any incident energy level. 

IV. PROTECTION AGAINST IGNITION 

Paragraph (l)(8)(iii) of § 1910.269 prohibits 
clothing that could melt onto an employee’s 
skin or that could ignite and continue to 
burn when exposed to flames or to the avail-
able heat energy estimated by the employer 
under § 1910.269(l)(8)(ii). Meltable fabrics, 
such as acetate, nylon, polyester, and poly-
propylene, even in blends, must be avoided. 
When these fibers melt, they can adhere to 
the skin, thereby transferring heat rapidly, 
exacerbating burns, and complicating treat-
ment. These outcomes can result even if the 
meltable fabric is not directly next to the 
skin. The remainder of this section focuses 
on the prevention of ignition. 

Paragraph (l)(8)(v) of § 1910.269 generally re-
quires protective clothing and other protec-
tive equipment with an arc rating greater 
than or equal to the employer’s estimate of 
available heat energy. As explained earlier 
in this appendix, untreated cotton is usually 
acceptable for exposures of 2 cal/cm2 or less.6 
If the exposure is greater than that, the em-
ployee generally must wear flame-resistant 
clothing with a suitable arc rating in accord-
ance with § 1910.269(l)(8)(iv) and (l)(8)(v). How-
ever, even if an employee is wearing a layer 
of flame-resistant clothing, there are cir-
cumstances under which flammable layers of 
clothing would be uncovered, and an electric 
arc could ignite them. For example, clothing 
ignition is possible if the employee is wear-
ing flammable clothing under the flame-re-
sistant clothing and the underlayer is uncov-
ered because of an opening in the flame-re-
sistant clothing. Thus, for purposes of 
§ 1910.269(l)(8)(iii), it is important for the em-
ployer to consider the possibility of clothing 
ignition even when an employee is wearing 
flame-resistant clothing with a suitable arc 
rating. 

Under § 1910.269(l)(8)(iii), employees may 
not wear flammable clothing in conjunction 
with flame-resistant clothing if the flam-

mable clothing poses an ignition hazard.7 Al-
though outer flame-resistant layers may not 
have openings that expose flammable inner 
layers, when an outer flame-resistant layer 
would be unable to resist breakopen,8 the 
next (inner) layer must be flame-resistant if 
it could ignite. 

Non-flame-resistant clothing can ignite 
even when the heat energy from an electric 
arc is insufficient to ignite the clothing. For 
example, nearby flames can ignite an em-
ployee’s clothing; and, even in the absence of 
flames, electric arcs pose ignition hazards 
beyond the hazard of ignition from incident 
energy under certain conditions. In addition 
to requiring flame-resistant clothing when 
the estimated incident energy exceeds 2.0 
cal/cm2, § 1910.269(l)(8)(iv) requires flame-re-
sistant clothing when: The employee is ex-
posed to contact with energized circuit parts 
operating at more than 600 volts 
(§ 1910.269(l)(8)(iv)(A)), an electric arc could 
ignite flammable material in the work area 
that, in turn, could ignite the employee’s 
clothing (§ 1910.269(l)(8)(iv)(B)), and molten 
metal or electric arcs from faulted conduc-
tors in the work area could ignite the em-
ployee’s clothing (§ 1910.269(l)(8)(iv)(C)). For 
example, grounding conductors can become a 
source of heat energy if they cannot carry 
fault current without failure. The employer 
must consider these possible sources of elec-
tric arcs 9 in determining whether the em-
ployee’s clothing could ignite under 
§ 1910.269(l)(8)(iv)(C). 
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APPENDIX F TO § 1910.269—WORK-POSITIONING 
EQUIPMENT INSPECTION GUIDELINES 

I. BODY BELTS 

Inspect body belts to ensure that: 
A. The hardware has no cracks, nicks, dis-

tortion, or corrosion; 
B. No loose or worn rivets are present; 
C. The waist strap has no loose grommets; 
D. The fastening straps are not 100-percent 

leather; and 
E. No worn materials that could affect the 

safety of the user are present. 

II. POSITIONING STRAPS 

Inspect positioning straps to ensure that: 
A. The warning center of the strap mate-

rial is not exposed; 
B. No cuts, burns, extra holes, or fraying of 

strap material is present; 
C. Rivets are properly secured; 
D. Straps are not 100-percent leather; and 
E. Snaphooks do not have cracks, burns, or 

corrosion. 

III. CLIMBERS 

Inspect pole and tree climbers to ensure 
that: 

A. Gaffs are at least as long as the manu-
facturer’s recommended minimums (gen-
erally 32 and 51 millimeters (1.25 and 2.0 
inches) for pole and tree climbers, respec-
tively, measured on the underside of the 
gaff); 

NOTE: Gauges are available to assist in de-
termining whether gaffs are long enough and 
shaped to easily penetrate poles or trees. 

B. Gaffs and leg irons are not fractured or 
cracked; 

C. Stirrups and leg irons are free of exces-
sive wear; 

D. Gaffs are not loose; 
E. Gaffs are free of deformation that could 

adversely affect use; 
F. Gaffs are properly sharpened; and 
G. There are no broken straps or buckles. 

APPENDIX G TO § 1910.269—REFERENCE 
DOCUMENTS 

The references contained in this appendix 
provide information that can be helpful in 
understanding and complying with the re-
quirements contained in § 1910.269. The na-
tional consensus standards referenced in this 
appendix contain detailed specifications that 
employers may follow in complying with the 
more performance-based requirements of 
§ 1910.269. Except as specifically noted in 
§ 1910.269, however, the Occupational Safety 
and Health Administration will not nec-
essarily deem compliance with the national 
consensus standards to be compliance with 
the provisions of § 1910.269. 

ANSI/SIA A92.2–2009, American National 
Standard for Vehicle-Mounted Elevating 
and Rotating Aerial Devices. 

ANSI Z133–2012, American National Standard 
Safety Requirements for Arboricultural Op-
erations—Pruning, Trimming, Repairing, 
Maintaining, and Removing Trees, and Cut-
ting Brush. 

ANSI/IEEE Std 935–1989, IEEE Guide on Ter-
minology for Tools and Equipment to Be 
Used in Live Line Working. 

ASME B20.1–2012, Safety Standard for Con-
veyors and Related Equipment. 

ASTM D120–09, Standard Specification for Rub-
ber Insulating Gloves. 

ASTM D149–09 (2013), Standard Test Method 
for Dielectric Breakdown Voltage and Di-
electric Strength of Solid Electrical Insu-
lating Materials at Commercial Power Fre-
quencies. 

ASTM D178–01 (2010), Standard Specification 
for Rubber Insulating Matting. 

ASTM D1048–12, Standard Specification for 
Rubber Insulating Blankets. 

ASTM D1049–98 (2010), Standard Specification 
for Rubber Insulating Covers. 

ASTM D1050–05 (2011), Standard Specification 
for Rubber Insulating Line Hose. 

ASTM D1051–08, Standard Specification for 
Rubber Insulating Sleeves. 

ASTM F478–09, Standard Specification for In- 
Service Care of Insulating Line Hose and 
Covers. 

ASTM F479–06 (2011), Standard Specification 
for In-Service Care of Insulating Blankets. 

ASTM F496–08, Standard Specification for In- 
Service Care of Insulating Gloves and 
Sleeves. 

ASTM F711–02 (2007), Standard Specification 
for Fiberglass-Reinforced Plastic (FRP) Rod 
and Tube Used in Live Line Tools. 

ASTM F712–06 (2011), Standard Test Methods 
and Specifications for Electrically Insu-
lating Plastic Guard Equipment for Protec-
tion of Workers. 

ASTM F819–10, Standard Terminology Relating 
to Electrical Protective Equipment for Work-
ers. 

ASTM F855–09, Standard Specifications for 
Temporary Protective Grounds to Be Used 
on De-energized Electric Power Lines and 
Equipment. 

ASTM F887–12e1, Standard Specifications for 
Personal Climbing Equipment. 

ASTM F914/F914M–10, Standard Test Method 
for Acoustic Emission for Aerial Personnel 
Devices Without Supplemental Load Han-
dling Attachments. 

ASTM F1116–03 (2008), Standard Test Method 
for Determining Dielectric Strength of Di-
electric Footwear. 

ASTM F1117–03 (2008), Standard Specification 
for Dielectric Footwear. 

ASTM F1236–96 (2012), Standard Guide for Vis-
ual Inspection of Electrical Protective Rub-
ber Products. 
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